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A SIMPLE SINGLE-ACTING STEAM ENGINE. 


{Tue great bugbear staring the amateur mechanic in the 
face when he contemplates making a smal] steam engine is 
the matter of boring the cylinder. To bore an iron cylinder 
on a foot lathe is difficult even when the lathe is provided 
with automatic feed gear, and it is almost impossible with 
the ordinary light lathe possessed by most amateurs. To 
bore a brass cylinder is easier, but even this is difficult, and 
the cylinder, when done, is unsatisfactory on account of the 
difficulty of adapting a durable piston to it. 

The engravings show a simple steam engine, which 
requires no difficult lathe work; in fact, the whole of the 
work may be done on a very ordinary foot lathe. The 

me is necessarily single-acting, but it is effective never- 

, being about 1-20 H. P., with suitable steam supply. 

It is of sufficient size to run a foot lathe, scroll saw, or two 

or three sewing machines, The cost for materials ought not 
to cost more than five dollars. 

The cylinder and piston are made from mandrel drawn 
brass tubing, which may be purchased in avy desired quan- 
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tity in New York city. The fittings are mostly of brass, 
being an easy metal to work. 
The principal dimensions of the engine are as follows- 


diameter, 14¢ in.; thickness, in.; 
g in. 
ton.—External diameter, 114 in.; thickness, yy in.; 
length, 3%; in. 
Length of stroke, 2 in. 
k pin.—Diameter, 14 in.; length of bearing surface, 


in. 
Connecting rod.—Diameter, ,, in.; length between cen- 

ters, 51¢ in. 

Shaft.—Diameter, 5¢ in.; diameter of bearings, in. ; 
length, 6 in.; distance from bed to center of shaft, 12¢ in. 
ywheel.—Diameter, 8 in.; weight, 10 Ib. 
Valve-—Diameter of chamber, vr in.; length, 114 in.; 

Width of valve face working over supply port, ;', in.; width 

of space under valve, 34 in ; length of the samme, 1 in.; dis- 
mace Irom center of valve spindle to center of eccentric rod 

Pin, in. 

— supply.—Width, ,, in.; length, 1 in. Exhaust.— 
idth, 1; in.; length, 1 in. ; space between ports, 7, in. 
Pipes. —Steam supply, 14 in.; exhaust, 3¢ in. 

ntric.—Stroke, in.; diameter, in.; length of 

Steentric rod between centers, 83¢ in. 

icKness of base plate. \ in. 
Wooden base, 614 in. x af 234 in. thick. 
T ickness of plate supporting cylinder, 3¢ in. 
Otal height of engine, 1314 in. 
5 pitance from base plate to under side of cylinder head, 


lameter of vertical posts, in.; distance apart, 31¢ in. ; 
: Plate fastened tu base with 14 in. bolts. 


The connecting rod, eccentric rod, crank pin, and shaft, 
are of steel. The eccentric-strap and flywheel are cast iron, 
and the other portions of the engine are of brass. The 
screw threads are all chased, and the flange, a, and head of 
the piston, F, in addition to being screwed, are further 
secured by soft solder. 

Fig. 1 shows the engine in perspective. Fig. 2 is a side 
elevation, with parts broken away. Fig. 3 is a vertical 
transverse section. Fig. 4 is a partial plan view. Fig. 5 
is a detail view of the upper end of the connecting rod and 
its connections; and Fig. 6 is a horizontal section taken 
through the middle of the valve chamber. 

The cylinder, A, is threaded externally for 1 inch from 
its lower end, and the collar, «, 14 inch thick, is screwed on 
and soldered. The face of the collar is afterward turned 
true. Thesame thread answers for the put which —- 
the cylinder in the plate, B, and for the gland, 3}, of t 
stuffing box, which screws over the beveled end of the cylin- 
der, and contains fibrous packing filled with asbestos or 
graphite. The posts, C, are shouldered at the ends and 
secured in their places by nuts. Their bearing surface on 
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GOUBET’S SLEEVE COUPLING. 


THE object of this sleeve is to transmit motion from one 
shaft to another which is inclined toward it in any direction 
whatever, and at any angle, provided it be not less than 90°. 
Fig. 1, next page, represents two shafts coupled together at 
this angle. The apparatus consists of two spheres, D, fixed 
near to each other at the ends of the shafts, immediately 
after the pillow blocks. Each of these is hollowed out, ac- 
cording to a plane passing through the axis of the shaft, into 
agroove or slot, in which are fitted collars that are connected 
with the shell, B, each through axles which are diametri- 
opposite. 

If we suppose the shaft to the left to be in motion from 
left to right, it will be seen that the face of the groove cut 
in the sphere will rest against the anterior face of the collar 
to the left and carry along the latter in its motion communi- 
cated by the shell. The latter, in its turn, will carry alon 
the collar to the right, whose face rests against the face o 
the groove in the sphere to the right, and communicate to it 


the impulsion with which it is being driven. The motion 


| 
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the plate, D, is increased by the addition of a collar screwed 
on. The posts are made from drawn rods of brass, and 
need no turning except at the ends. ‘ 

The cylinder head, E, which is a casting containing the 
valve chamber, is screwed in. 
der closely, but not necessarily steam tight. The head is 
screwed in and soldered, and the yoke, G, which receives 
the ns rod pin, is screwed into the bead. The con- 
necting rod, H, is of steel, with brass ends. The lower end, 
which receives the crank pin, is split. and provided with a 
tangent screw for taking up wear. The crank pin is secured 
in the crank disk, I, by a nut on the back. e eccentric 
rod, J, is of steel, screwed at its lower end into an eccentric 
strap y cast or wrought iron, which surrounds the eccen 
tric, K. 

The valve, L, is slotted in the back to receive the valve 
spindle, by which it is oscillated. The ports are formed by 
drilling from the outside, and afterward forming the slot 
with a graver or small sharp chisel. The supply port, for 
convenience, may be somewhat enlar, below. he holes 
for the exhaust port will be drilled through the hole into 
which the exhaust pipe is screwed. The chamber commu- 
nicating with the exhaust is cored out in the casting. 

The easiest way to make the valve is to cut it out of a 
solid cylinder turned to fit the valve chamber. 

An engine of this kind will work well under a steam pres- 
sure of 50 Ib., and it may be run at the rate of 200 to 250 
revolutions per minute. 

It is desirable to construct a flat pasteboard model to 
verify measurements and to get the proper adjustment of 
the valve before beginning the engine. M. 

SEVERAL specimens of fossil woods and lignite have been 
found at a depth of one hundred and ninety-one feet below 
the surface in boring an artesian well at Galveston, Texas. 


The piston, F, fits the cylin- 


may be imparted indifferently by either the shaft to the left 
or the one to the right, and in one direction or the other. 
These collars moving in their grooves are the only portions 
of the mechanism Tiable to wear; they may, however, be 
easily lubricated by means of a grease box during their 
motion. 

If we consider a point of contact between the face of the 

ve and the collar we shall remark that this point changes 
latitude, so to speak, on passing over circumferences of cir- 
cles whose radii vary from one moment to another of 
motion. There results from this, then, a variation of velo- 
city which is transmitted to the shell, and which would exist 
even were the latter the receiving shaft itself. But in con- 
sequence of the symmetrical position of the collars, due to 
the double system, the acceleration imparted by the trans- 
mitting shaft is corrected to an equal degree by a correspond- 
ing diminution in the velocity transmitted to the receiving 
shaft, and reciprocally ; so tbat the latter revolves under the 
same conditions of speed as if it were the prolongation of 
the first shaft, and the more so since no transverse motion 
nor any lateral thrust against the bearings takes place. For 
a uniformity of the motion, it is indispensable that the 
angles formed by the axis of the sleeve and the axes of the 
shafts shall be equal. 

The spaces passed over by the sleeve, corresponding with 
those over by the slot, may be determined in the 
following way: Take the slot in the position, O (Figs, 2 
and 3), as a starting point, which at the same time will be 
that of the point, m, considered from the sleeve. Let mn 
be the space passed over by the point, m, in the slot during 
a quarter revolution of the sphere. Dividing this course 
into four equal part; and projecting on E F, we shall have 
the circles, 0’, 1’, 2’, 3’, 4, corresponding to these divisions. 
Afterward, on dividing these circles into - equal parts 
(Fig. 3), we shall obtain different positions of the slot to be 
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projected on Fig. 2. The points of intersection, 1, 2,8, 4,| » the power of the steam piston the earlier part of the 
AT. ad when the load is at its minimum, to 


sponding to those of the slot. 

It may be remarked that during the first quarter revolu- 
tion of the sphere, for equal spaces passed over by the slot, 
those passed over by the sleeve will go on increasing; and 
that during the second quarter (the slot always passing over 
equal spaces) those of the sleeve will go on decreasing. But, 
since the sleeve is provided at its other extremity witha like 
sphere, it follows that for unequal spaces passed over by the 
latter, those of the sphere will be equal, from whence it 
results that the transmitting and receiving shafts have velo- 
cities that are equal. In order to trace the curve obtained 
on the sphere, for a quarter revolution of the latter and of 
the sleeve, by means of a style placed at the point of inter- 
section of any generatrix whatever, and a perpendicular to it, 
starting from the center of the sphere, the method of proce- 
dure is as follows: 

Supposing a section of the sphere according to a plane 

ing through the line, A B, perpendicular to the axis, C 

(Fig. 5). Fig 7 represents the space passed over by the 
style according toa plane perpendicular to the axis of the 
sleeve and passing through the center of the sphere. On this 
space, take a course equal to a quarter revolution of the 
sphere and divide it into four equal parts. Then project the 
points (Fig. 6), 0, L, IL, IIL, Vv, on the line, I J, and these 


points carried perpendicularly to the axis, C D, on ae 


circumference, and then projected parallel to this axis on the 
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line, K L (Fig. 5), will give the circles 0’, 1, 2”, 3”, 4’, 
corresponding to the points of division of the style. 

The points where the style and these circles meet, which 
will be so many points of the curve sought, are determined | 
by Projecting. parallel to the axis, C D, the points, I., IL., | 
III., IV., of the line, I J, on each corresponding circle of 


By Mr. StTuRGEON. 


In accordance with our promise on page 1064 of our 
issue of December 31 last, we give the following paper: 

The subject of this paper, viz., ‘‘ Compressing Air,” em- 
braces so wide a range that the writer cannot, in a like 
| this, consider more than one branch of it. It has n 80 
|often discussed, in numerous papers and treatises, in its 
purely scientific aspect, that it is needless to over again 
such well-trodden ground. It-is proposed, therefore, that 
this paper shall be confined to examining into the most effi- 
cient and economical way of producing this most valuable 
motive power, leaving to some future occasion the consider- 
ation of its various applications. The gradual development 
of compressed air as a motive power—being entirely within 
the past twenty-five years—will be fresh in the memories of 
most of the members of this institute. Omitting, therefore, 
to sketch a history so modern and well known, the writer 
will proceed at once to give a brief description of each of the 
best known systems or types of air-compgessing engines, 


| pointing out what appear to him to be the failings of each. 
| He wili then examine briefly the conditions of the problem 
| requiring solution, and how those conditions may be best 


dealt with and turned to advantage. He will then describe, 
with the aid of diagrams and illustrations, an air-compressing 
engine, designed and constructed as carefully as possible, in 
= with the conclusions to which the investigation 
ea 
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The existing varieties of air-compressing engines may be | 
divided into five distinct classes: 1, Direct-acting, without 
crank shaft or flywheel, after the style of a ‘‘special” pump; 
2, ‘‘ wet” compressors, in which the air is compressed by a | 
column of water, caused to rise and fall in a vertical cham- | 
ber by the movement of (~~ in a horizontal cylinder com- | 


when it reaches its maximum. The steam cylinder must be 
filled from end to end with steam of sufficient pressure to 
overcome the maximum load on the air piston when it 
reaches the end of its stroke. There is no possibility of usip, 
the steam expansively, and notwithstanding that the 
varies so greatly, the steam power must be maintained with. 
out any variation whatever to the end of the siroke, and then 
allowed to rush out, without any expansion, producing a 
perfectly rectangular diagram. It is true the steam may be 
so throttled or wire drawn at the earlier part of the stroke ag 
to have the appearance of being adapted equally to the load- 
but, as the terminal steam pressure must overpower the ter. 
minal air pressure, the cylinder must be filled with steam at 
the termina] pressure, and the result be an actual loss of 
power, owing to the throttling of the steam, although the 
steam expended will be the same as though used in ful] 
throughout the stroke. It may be imagined how wasteful] 
of steam such engines must be. Again, as there is no crank 
action to define the limits of the stroke with unvarying accu. 
racy, there must necessarily be a wide clearance and dead 
space at each end of the stroke, a clearance that varies very 
much in actual working, as there is no certainty about the 
length of stroke in these direct acting engines. Such en- 
gines are therefore only fit for very moderate pressures, and 
even then are most wasteful of steam. The writer has never 
known them capahe of working at more than 35 to 40 Jb. 
air pressure. There can be no doubt that the crank and fly- 


Fig. 5. Thus are obtained the points, 1, 2, 3,4. These | municating therewith; 3, flywheel compressors, of slow speed 
points, obtained solitarily, are carried back to the right of | and long stroke; 4, flywheel compressors, of high speed and 
the axis, C D, by the following means: We divide the | short stroke; 5, stage compressors, for very high pressure. 
quarter sphere (Fig. 5) into a number of parts equal to those | Another class might be made of single-acting ‘‘ trunk ” com- 
of the style's course; then, with spreads of compasses, equal | pressors, as distinguished from ordinary double-acting piston 
to 2.2, 803, 494 carried back to the right of the| compressors, There havealso been afew eccentric varieties, 
axis, C D, on the corresponding circles, we shall obtain the | such asrotary, semi-rotary, etc. ; but as these have never come 
points, 0", 1°, 2°, 3°, 4", through which we must pass a curve, | to anything, it would be needless to enlarge upon them. 
which will be the one sought, seen according to the plane| The first of these classes—the direct-acting—may almost 
passing through A B. On making these points on Fig. 6 | be considered obsolete. Indeed, it is difficult to conceive 
we shall obtain the points, 0", 1", 2’”, 3’, 4°", which reunited | how compressors of this kind ever came into use, as they are 
will give the curve a. For one entire revolution the in flat defiance of all the necessary conditions of compressing 
— will generate on the sphere a curve like the Figure 8, | air. As members of this institute are well aware, in com- 
which, in measure as the angle becomes greater, will go on | pressing air the load against the air pistoa is nothing at the 
diminishing in all direction: until the two shafts are in a| commencement of the stroke, and gradually rises until it 
line with each other. At that instant the style will no longer | reaches its maximum toward the end of the stroke. In the 
be displaced. direct-acting compressor there is ne provision for storing up 

In Fig. 1, Aand A are the shaftings; B, the shell; C, the 
collars; D, the spheres, and E, the axles connecting the 
collars with the shell. 


* Read before the Chesterfield and Derb: Institute of Mining, Civil, | 


wheel are essential to make a good air compressor—the crank 
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to regulate the limits of the piston travel from end to end of 
the stroke with accuracy, and the fiywheel (as in all cases 
where an intermittent load or strain has to be overcome) to 
store up the power in the intervals when the load is least, in 
order to give it out again when the load reaches its greatest. 

The second class, viz., ‘‘ wet ™ compressors, are theorett- 
cally very perfect, as they insure a complete discharge of 
air hom the cylinder at every stroks, leaving no dead spaces. 
But this advahtage is more than counterbalanced by in- 
creased liability of formation of ice in the air driven engines, 
by loss of air by absorption in the water, and by the neces- 
sity of working the engines at such a very slow speed that 
the flywheel becomes rather a drag upon than an assistance 


| to the action, sometimes even partially backing (as if te 
| gather itself up for a fresh run) when it feels the resistance 


of the air cushion against the water column in the cylinder. 
It wili readily be understood that an uncommonly long stroke 
with a very slow speed is unavoidable in these engines. to 
insure the steady rise and fall of the water. Any slight 
increase of speed sets the water in commotion; the piston 
may travel too fast for the descending column to follow it 
up closely (especially if the inlet valve area be small), so that 
a gap is left between the water and the piston, causing & 
shock and on the return of the piston. The water. 


jar 
dashed violently to and fro in the air chambers, causes rapid 
fluctuations of pressure throughout the stroke, producing § 
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a ething like that shown in the plate, Fig. 4, | 
drawn from memory from a diagram taken some 
wbich from a “‘ wet” compressor—tbe original of which 
ae st. In this case; being short of air, it was tried to 
alittle more by increasing the speed of the engine; but 
a found that if the speed exceeded about eighteen to 
— revolutions per minute less air was got instead of 
— Hence it requires a very large compressor on the wet 
— jeto produce a comparatively small volume of com- 
es air. The stroke must be long, so-as to have as few 
of direction as possible; the long stroke involves 
long crank, and connecting rod in propor- 
~~ and large flywheel, thus producing a most expensive | 
cochine for a small result, and necessitating very costly 
foandations ; while the expenditure of power in overcoming 
the retarding forces of friction, inertia of the water, etc., is | 
iso very disproportionate to the useful effect. These last | 
remarks apply equally to the third class, viz., dry compress- 
ors, of long stroke and slow speed, with crank and flywheel. 
But there is a further disadvantage in these dry compressors, 
viz, that the siow speed allows time for a considerable 
gpount of piston leakage to take place adh ; 

This brings the writer to one of the principal objects of 
this paper, namely, to call attention to the great advantages 
of the fourth class, that is, of high speeds with short 
drokes, over slow speeds with long strokes, in compressing 
sir, When he first, about eleven years ago, begau to ad- 
queate this system of high speeds and short strokes in com- 

ing air, it met with much opposition and ridicule, 
whieh, though now beginning to die out, still crops up 
gezasionally. For his part, he nevercould rightly understand 

it came to be accepted as a sort of canon liw that air 
could only be dealt with at slow speeds, but probably this 
notion miy have arisen partly from the earlier air compress- 
ors being a modification of the blowing engine (like that 
erected at Govan Colliery in 1858), or on the wet principle, 
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take place properly, and the cylinder could not take in as 
full a charge as at a slower speed. Hence the slow speed, 
which this defective valve arrangement alone rendered nec- 
essary, came to be regarded as an essential condition in com- 
pressing air. If, on the other hand, this notion of ‘‘ pump- 
ing” be discarded, and the inlet valve be arranged,not to 
suit the conditions of pumping, but so as to compel its 
opening at the very beginning and hold it open all through 
the stroke, there will be no difficulty in filling the cylin- 
der with air up to the atmospheric pressure, during the 
time of the stroke, at any speed at which an engine may be 
driven. 

In the year 1875.a paper was read hy Mr. Steel before 
the Society of Engineers, in London, in which he severely 
criticised the writer's notion of high speed, and gave several 
reasons for condemning that system, which are only referred 
to now, as the writer finds they are still the staple arguments | 
of the advocates of slow s s. As far as he could gather 
from the author of that paper and his disciples, the first rea- 
son given against high speed for compressing air was, that it | 
was ‘‘barbarous;” the second, that it was wrong; the third, | 
that slow speed must be right; the fourth, that nobody ever 
heard of such an absurd idea until a man of the name of 
Sturgeon brought it up; the fifth, that no air compressor yet 
made was found to work well at high speed; the sixth, that 
pumps for pumping water could not be worked at bigh speed: 
and, therefore, pumps for pumping air could not be worked 
at high speed; the seventh, that in course of time the ma 
chines would wear out. 

With regard to the first four arguments of this series, 
the writer can only say that their “‘ profound profundity of 
thought” completely shuts him up, and he gives up the task 
of combating them. He will only say that the logic, all | 
through, is just about the same as is even still used by many | 
people he comes across. The fifth is certainly correct in 
fact, as applied to the old-fashion slow compressors, though 
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argument, it is, unfortunately, too true that machines do 
wear out, and that if we get more work out of them they 
will probably wear out somewhat faster than if we took less 
work out of them. Nevertheless, this fact does not appear 
to have sufficiently impressed locomotive engineers, mill- 
owners, and other users of large steam power, to induce 
them to abandon their bad ways. Neither is it allowed to 
interfere with quick running in underground hauling engines, 
rock drills, and other machines driven by compressed air. 
It is strange that of all classes of modern engines, this ten- 
derness should be displayed only toward air-compressing en- 
ge. in which, owing to “ circumstances over which they 

ve no control,” the advocates of slow speeds happen to find 
other causes operating to prevent high speeds, apart from 
the question of wear and tear. The writer must, however, 
refer to one objection which has been raised against bigh 
speed with better show of reason than any of the above, and 
that is this, that the heating must be very excessive. He 
thinks, however, be can show that this excessive heating is 
by no Means a necessary accompaniment of high speed. The 
heat produced in compressing air arises from two causes-— 
first, that due to compression—that is, the quantity of natu- 
ral heat in a given volume of free air, when that air is com- 
pressed, is thus concentrated into a smaller compass, produc- 
ing « rise in temperature. Such heat is unavoidable, and is 
due simply to the degree of compression without regard to 


|speed. The second cause is friction—the friction of the 
| particles of air against each other—and this will be propor- 
| tionate to the speed with which the air is forced through the 


delivery valve passages. Now, in many of the slow speed 
compressors, the area of the outlet, when the delivery valve 
or valves are off their seats, is only about one-twentieth of 
the piston area, so that the velocity with which the air is 
driven through the delivery valve is twenty times the piston 
velocity. Now, if to the delivery valve be given double the 


' area of outlet, making it one-tenth of the piston area, the 
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AIR COMPRESSOR FOR OBTAINING LOW PRESSURES. 


@ direct acting without flywheel; and partly from some | 
confusion of ideas in the application of the term ‘* pump- | 
ing“ tocompressing air, through which the leading practice | 
‘ame committed to a certain system witbout much exami- | 
tation into the reasons on which it was based. Thus. in 
pursuance of this notion of ** pumping ” air, the inlet valves 
were made just like pump clack valves, depending on a 
vacuum or suction for opening to admit the air, and this 
Urangement in itself necessitated slow speeds; not that 
—e Was any special or physical difficulty in getting the 
ur to enter a cyliader at high speed. but solely owing to 
the mechanical defects and total unsuitableness of valves 
pump-clack form as applied to air. This will at once 

seen from an examination into their action. At the end 
of the stroke of the air piston a certain quantity of undis 
_compressed air is left in the clearance and dead 

spaces in the cylinder. This undischarged air expands 
into the cylinder as the piston recedes until it reaches 
. Tic pressure. The further movement of the 
— then begins to produce a partial vacuum in the 
Yiinder, and this goes on increasing until the vacuum is 
ent to overcome the weight of the valve, plus its 
heen and lift it off its seat. A puff of air then enters} 
cylinder, which immediately restores equilibrium, caus- 
ing the valve to be shut down again upon its seat. The 
“satinued travel of the piston again produces a partial 
of the overcomes first the weight, and then the inertia | 
Valve, and lets in another puff of air: and so on, 
‘eating the same action throughout the stroke, and pro- 
Gocing that Tattle with which we are familiar. The cylin-| 
I, therefore, never fill with air at the atmospheric 

to re. but will always, even when at its best, be minus 
a2 extent corresponding to the weight and inertia of the 
Now it is evident that a rapid travel of the piston 
Rot allow time for the operations above described to | 


quite wrong in the inference—for it by no means follows 
that merely because a thing has not been done in the past, 
it could not be done in the future. The sixth is a most 
extraordinary reason, when the utter absence of any analogy 
between the two operations—pumping water and compress- 
ing air—is considered. Water is a heavy, incompressible 
fluid, without any elasticity, possessing a great amount of 
inertia, and of momentum when set in motion; presenting a 
uniform resistance against the piston throughout its stroke, 
and a skin resistance in the cylinder, pipes, etc., about 1,336 
times greater than that of air; and these are sufficient rea- 
sons for rendering slow speed advisable for pumping water. 
Air, on the other hand, possesses properties as completely 
the opposite of these as it is possible to conceive. It is a 
fluid, the particles of which mutually repel each other—tbat 
is to say, it is a ‘‘ gas,” highly elastic and light; the skin re- 
sistance comparatively infinitesimal, offering a resistance 
against the piston gradually increasing from nothing up- 
ward, subject, in fact. to all the laws that govern gaseous 
bodies, as compressibility, expansibility. change of volume, 
pressure, temperature, etc., and in all these respects the 
same as steam. And yet we are told we are not to deal with 
it as we would with steam, which it resembles in all these 


| properties, but that we must deal with it as we would with 


water, which it does not resemble in one single property! 
Not asingle one of the causes which render slow piston 
speed advisable in pumping water exists in the case of air; 


| and with a proper construction of valves suitable for the 
| character of the work to be done—and not a mere servile 


imitation of pumps—there is no reason, in the nature of 
things, why a piston compressing air should not be run at as 
bigh a speed as the piston of any steam engine: or why the 
piston compressing the air should not be run at as high a 
speed as we would not hesitate to put the same piston to 
when driven by the compressed air. As regards the seventh 


piston speed can at once be doubled without increasing the 
velocity of the air through the valve passages, and, conse- 
quently, without increasing tbe frictional heat. This is 
really what, in the writer's engines, is done. He gives the 
delivery valves all the area he can possibly get in, and, if it 
were possible, would give them the full area of the cylinder. 
He has just received from a friend the following particulars 
in reference to his air compressors, which fully confirm all 
that is here advanced: 

‘* Size of air compressing cylinders, 18 in. diameter by 4 
ft. stroke; valves originally on air cylinders, seven suction 
and seven delivery valves at each end of cylinders; valves 
114 in. diameter, with three wings on each valve 4 in. thick; 
lift of valves 5g in., giving total passage area of 14 square 
inches nearly. Temperature of water running through one 
and one-half inch pipe into cooling tanks, 48°; temperature 
of water in tanks, with engine running forty s es per 
minute, 130° to 180°. Valves on air cylinders, as late’ 
altered, fifteen suction and fifteen delivery valves at eac 
end, same size and lift as before, giving total passage area 
of 30 in. nearly. Temperature of water running through two 
inch pipe into cooling tank, 48°; temperature of water in 
tanks, with engine running forty-six strokes per minute, 75°. 
Pressure of air, 50 Ib. per square inch, and water continu- 
ally unning in both cases.” 

The writer hopes he has succeeded in showing that 
there are no valid reasons or obstacles against high speed 
in compressing air; and, such being the case, will now 
endeavor to show what important reasons there are in 
favor thereof. The first and most obvious advantage is 
economy in first cost, not only in the engine itself, but to 
a far greater extent in the foundations, engine bouse, and 
other accessories. For example, it is not uncommon to find 
air compressors of proportions something like the following, 
viz.: Air cylinder, 24 in. diameter, wtth stroke of 6 ft; a 
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flywheel, 24 ft. diameter, anda length over all of nearly 60 
ft.; maximum effective speed, about twenty revolutions per 
minute. An equal volume of air can be obtained in the 
same time, with a less expenditure of power, from a 
“trunk ” air compressor of 17 in. diameter, about 30 inches 
stroke, having a flywheel 10 ft. diameter, and a length over 
all of about 28 ft., and running ata speed of about ninety 
revolutions per minute. Therefore, in the matter of size 
alone, there is ample justification for resorting to high 
speeds, allowing that there is no physical obstacle in the 
way, as it has been endeavored to show. Indeed, but for 
having been drawn into the slow speed system, by an acci- 
dental run of circumstances, the writer believes the high 
speed principle would kave been adopted as the natural and 
proper one without any question or doubt. 

Another advantage in high speed is that it reduces the 
amount of piston leakage. In air compressors of the ordi- 
nary types this piston leakage is often considerable. The 
longer the piston is exposed to the air pressure the 
greater is the loss by leakage, as it is going on during the 
whole time, to a greater or less degree, according to the 
perfection or otherwise of the fit of the piston, but always 
to some extent even with the most perfect fit. This 
leakage entails a double loss. First, there is the direct 
loss in the volume actually compressed, by so much being 
abstracted from it; and secondly, there is an indirect loss, 
but one of even more mischievous extent, arising from the 
fact that the air so leaking past the piston is hot air, and 
that it passes direct to the entering side of the cylinder, 
mingling with the entering air, warming it, and thereby 
increasing its tension, so as to prevent the cylinder receiving 
a full charge of air at the atmospheric temperature and 
pressure, and thus adding another to the causes already 
mentioned as preventing the entrapment of a full body of 
atmospheric air into the cylinder for compression. This 
forms a very serious, and, probably, not generally suspected, 
source of loss in compressing air; and it is further increased 
by reason of the hot compressed air that was left bebind in 
the dead spaces also mixing with the new incoming air. 
It is a loss not easily traced in ordinary compressors, as 
it would not be exhibited in any distinct form in an indicator 
diagram. Indeed, a very fair diagram, so far as appearance 
goes, might be produced, showing such a near approach of 
the actual compression line to the isothermal line as to ap- 
pear at first sight to be due to a most efficient cooling action, 
keeping down the rise of temperature in compressing, while 
in reality it may, and in most cases does, signify nothing 
less than that the compression line is reduced by piston slip 
or leakage, not by reduction of temperature. Now, as the 
amount of this leakage depends not only on the degree of 
pressure, but on the time to which the piston is exposed to 
that pressure, the importanc: of reducing that time as much 
as possible becomes at once apparent. Therefore, the quicker 
the piston is in traversing the cylinder, and the sooner the 
charge of air is sent out of it and trapped behind the 
delivery valve, the less of that charge will be lost, and the 
less will be the next incoming charge of atmospheric air be 
interfered with. This is » most important advantage which 
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Point of Stroke at 


the quick speei with short stroke has over the slow speed 
with long stroke. 

The writer wi!l now proceed to point out what he con-| 
siders to be the essential conditions in the design and con- 
struction of an air co npressor in order to attain the highest 
degree of efficiency : | 

First, the piston should be a good sliding fit, and present 
the greatest possible resistance to leakage. Second, the | 
leakage, whatever it might be, should not be allowed to pass | 
to the entering side so as to mix with the incoming air. but | 
should pass out harmlessly into the free atmosphere. Third, | 
the stroke should be short and quick, to allow as little chance | 
as possible for leakage. Fourth, there should be no clear- | 
ance or dead spaces whatever, in which compressed air | 
might be left in the cylinder at the end of the piston travel, | 
but each stroke of the piston should sweep the cylinder en- 
tirely clear of its charge of air. Fifth, and yet the construc- 
tion should be such as to prevent danger of knocking out the | 
cylinder end. Sixth, the inlet valve should be of largearea, and 
should open at the very commencement of the back stroke 
of the piston, and remain wide open all through the stroke; | 
and it should shut immediately before or simultaneously | 
with the commencement of the forward stroke, so as to lose 
nothing of the stroke in compressing. Seventh, the delivery | 
valve should have as large an area as possible, with short | 
lift, so as to return quickly to its seat; it should open in| 
the direction of the movement of the piston, to render the | 
exit of the air as easy as possible, and reduce the liability 
to frictional heating. Eighth, every possible means should 
be adopted to reduce the heat of compression and friction, | 
by means of an efficient water circulation applied both to | 
the outside and the inside of the air cylinder. Ninth, and | 
yet the water should be kept from direct contact and admix- 
ture with the air, so as to avoid the great disadvantage of | 
having to work with wet air, as well as the actual loss in 
volume by absorption in the water. Tenth, the momentum 
of the piston should increase as the pressure of air rises 
against it. Eleventh every part should be easily accessible 
for examination and repairs. Twelfth, the general construc 
tion should be as simple and free from complication as pos 
sible, and possess great strength and solidity. 

With regard to the ninth point, the writer would observe | 
that the practice of injecting water into the compressing 
cylinder is objectionable from a practical point of view, in 
consequence of the danger it introduces of breaking the 
joint of the cylinder cover, as arranged in air cylinders of 
ordinary construction. In a steam cylinder it is admitted 
that we cannot be too careful in keeping it free from con- 
densed water; and yet in air cylinders water is often actually 
injected, introducing the very element of danger we are 80 
careful to exclude in steam cylinders. If, however, the entire 
end of the cylinder were so arranged as to yield to the pres- 
sure, water might be injected without risk or danger. An- 
other objection to the injection of water is that the air be- 
comes saturated with moisture, which is liable to form ice 
or snow in the exhaust ports of the driven engine. Indeed, 
there is quite enough inconvenience from this cause arising 
from the natural moisture contained in the atmosphere, 
without increasing it by artificial means. By compression, | 
the capacity of the air for retaining its moisture is dimin- | 
ished (just as in the case of a sponge), and the moisture is 
discharged in the form of visible eloud or fog. In this con 
dition, and while still under presstire, it may be condensed 
and collected by means of baffle plates, traps, or porous ab 
sorbing substances before reaching the driven engine. By 
carefully avoiding the injection of water, and by thus aba 
stracting the natural moisture, the formation of ice by the 
cold expanding air is prevented. The patent “trunk” 
compressor, of which Figs. 1 und 2 give a longitudinal sec- 
tion and plan, the writer believes, fulfills all the above con- 
ditions in as complete a manner as possible. It consists of | 
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two horizontal single-acting air cylinders, opposite one an- 
other, and fitted with trunk pistons connected together by 
two side rods passing outside the cylinders, and connected 
to crossheads at the outer ends of the pistons, thus forming a 
double-acting machine, with the cylinders entirely open on 
the air inlet sides, and with the connecting rods coupled di- 
rect from the crank to the nearest piston, without the inter- 
vention of crosshead and parallel slide bars By this arrange- 
ment are obtained all the advantages of a deep piston in its 
resistance to leakage of the air without adding materially 


to the length of the machine, the extra cylinder and — 
occupying the place of the parallel slide bars 10 the ¢ - 
cylinder arrangement. The ends of the cylinder bein mee 
any leakage of air past the trunk piston is at cace ie 
ible, and the trunks can be taken out,set right, and rej la bt 
without breaking any joint. Any such leakage 8s ro 
take place passes harmlessly out into the free air, @2 

not mix with the incoming air. The inlet valves are Opes 


to inspection, and the pistons and cylinders can be ¢ 
and lubricaied without disturbing any part of the 
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sod, being freely open to the atmosphere, are more easily 


SEAMLESS TUBING. 
cool. The parts in which the pistons work are made of 

ial metal, cast as thin as possible, and ribbed lengthways, | Messrs. Duranp, Bosstn & Brarp. of Paris, are manu- 
to facilitate the conducting power by increasing the | facturing at their shops at Longueville (Seine-et-Marne) a 
=e and keeping the metal thin, at the same time that the | line of tubings in which there is no soldering, and conse- 
ee to strengthen it. Water circulation is arranged to | quently no seam. These are made from various metals, such 
= tside the cylinder, as well as through a recess formed | as copper, yellow metal, silver, steel, white metal, etc., in 
pee e forepart of the trunk, by which the cylinder is cooled | an infinite variety of forms and dimensions of cross-section, 
7 lubricated internally by the water, as well as externally | and the method of manufacture permits of their being pro- 
er allowing the water to mix directly with the air, The | duced of considerable length. We have endeavored, in the 
pe k pistons and interior of the cylinder, being always open | accompanying cut, to figure a portion of these numerous sec- 
ivaepection, can be easily kept in the most perfect working | tions, but it is evident that the diversity of forms that may 
4 increases toward the end of the stroke, where the resist- treme sections of copper tubes that the manufacturers always 
ance of the air compressed _ in the cylinder is increasing | 
against it, thus greatly assisting in the work of compressing | 
the air, At the same time the great extent of bearing sur- 
face removes any objection as to the wear, there being in 
reality very much less wei ght upon each square inch of bear- 
ing surface than in the case of the ordinary narrow piston. 
The inlet valves are placed one in the head of each piston, 
and so arranged 1s to open and close instantaneously by the 
action of their own momentum, on the reversal of the pis- 
ton, independently of the formation of a vacuum or pressure 
in the cylinder, and as they travel with the piston, against 
the air when open, and also when closed, they necessarily 

retain their proper position throughout the whole of bot 
backward and forward strokes. he delivery valves open 
direct into an air-receiving chamber in the middle, between 
the two working cylinders. Each delivery valve consists of 
a flat disk covering the whole bore of the cylinder, and so 
arranged that the piston may run close up to it, thus dis- 
charging thg whole of the air from the cylinder, the clear- 
ance being, in fact, behind the valve instead of inside the cyl- 
inder. Thusall the danger of breakage in the case of narrow 
clearance and a fixed cylinder end is avoided. The delivery 
valve area may also be further increased, by covering the | 
whole area of the disk with any convenient number of small | [j 
delivery valves, working within the main disk valve. 
With these compressors the writer never found any difficulty | | 
jn raising the pressure up to 200 Ib. ina single stage of com- 


pression; and, so far as he can see, there would be no diffi- 
culty in obtaining very much higher pressures, such as have | | cd 
hitherto been only attempted in stages, by making the cylin- | 
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ders of sufficient strength to withstand the pressure, and 
applying steam cylinders of sufficient power, and with a good 
leverage of the crank of the steam cylinder over the crank | 
of the compressing cylinder. The question of stage com- 
pressing, however, belongs rather to that of the applications 
of compressed air, which he hopes to bring before the insti- 
tute at some future time, when, perhaps, he may have been 
able to make some experiments in that direction. Fig. 3 is a 
diagram taken from a trunk compressor with cylinders of 12 
in, diameter and 2ft. stroke, after the engine had been run- 
ning for about an hour As the trial was made in the work- 
shop immediately after the engine was completed, and there 
was no convenience for maintaining a continuous water cir- 
culation, the water was stagnant in the casing the whole 
time. It therefore shows a higher degree of heat than there 
should be, indicating a rise of temperature from 60° to 273°7° 
Fab. With an efficient water circulation this would be very 
tly reduced. The leakage was imperceptible, not bein 
sufficient to deflect a flame applied close to the outer edge of 
the cylinder. 
Another important question in connection with air com- 
wpe is that of the percentage of useful effect realized. 
ut as this paper is already sufficiently long, the writer 
must leave the consideration of that part of the subject to 
be dealt with under the head of the application of com.| have in stock. They vary from one-fifth inch to one inch in 
pressed air power, to which it more properly belongs, as so| external diameter. These tubes are round and corrugated 
much of the efficiency of the system depends upon the mode | (Nos. 8 to 12), or square with sharp angles (Nos. 19 to 23), 
of application, after we have done all in our power to attain | or square with re-entrant angles (Nos. 24 to 26), or square 
the highest efficiency and economy in the production of the | with figured sides (No. 27). There are also hexagonal tubes 
compressed air. It is, indeed, impossible to apply any fixed | (Nos. 28 to 30), oval tubes (Nos. 31 and 32), round thick 
tule, as the results will vary with every pound variation of | tubes of small bore (Nos, 33 to 35), flattened ones, smooth 
pressure, with the mode of application, and even with the} (Nos. 39 and 40), or figured (Nos. 41 and 42), or corrugated | 
state of the weather, the sume machine producing different | (Nos. 43 and 44), and finally, triangular (Nos. 36 to 38), etc. | 
results on a dry and,crisp day to what it does on a wet or| The other figures which follow, from No. 45 to No. 88, will 
foggy day. The results are, therefore, very variable and| give some idea of the multiplicity of styles that are produced | 
often contradictory. by this house. 
On the preceding page is a set of tables, compiled by Mr. These tubes are being largely used in various arts and in- | 


CROSS-SECTIONS OF SEAMLESS TUBING. 


Owing to the weight of the trunk piston, its momen- | be made is unlimited. Nos. 1 and 7 of the cut represent the ex- | 


musical instruments, optical apparatus, jewelry, etc., and in 
surgery, pyrotechnics, etc., etc. 

Specimens of these tubes were shown at the last Paris Ex- 
hibition, both in copper and silver, 1,600 feet in length and 
seamless throughout their whole extent. 


SMITH’S TWO-TON ANCHOR. 


Tus anchor is distinguished from those generally em- 
ployed by the fact that it bas no stock, and that the arms 
are movable on the shank. For this reason it can be con- 
structed without any welding of the parts, its strength 
being thereby necessarily increased. 

The shank, M, is T-shaped, and its lower end is traversed 
by the axle, N, which moves freely therein, but is fixed 
firmly to the arms, P P’, by bolts. These arms, the form of 
which is shown in the sections A Band C D, are provided with 
two claws, R and R’, which, when the anchor has been cast and 
| is dragging over the bottom, press against the latter and force 
| the points to incline and grapple the first obstacle that they 
The arms are movable only within a cer. 


| meet with. 
tain angle, which is determincd by the shoulder pieces with 


which the shank and arms are provided. The weights are 
distributed as follows: Shank, 1,700 pounds; two arms, 
| 2,110 pounds ; axle, 350 pounds ; and rings, 240 pounds— 
total, 4,400 pounds, 

The large companies which have adopted this anchor 
are the Cunard Company, the Peninsular and Oriental Com- 
pany, and the Union Steamship Company. The English 

‘avy also uses them on several of its vessels; among others, 
on the Rover, the Hydra, and the Eclipse. 


MECHANICAL REFRIGERATION. 
By J. K. Kmsoury. 


Tue development of machinery and methods for mechani- 
cal refrigeration is comparatively speaking of recent date. 
The different systems now before the public bave all been 
brought out within thirty years. In the laboratories the 
purely scientific aspects of the various methods are under- 
| stood, but in the workshop, and with the public generally, 
they are as a sealed book. The practical information con- 
cerning these different systems as yet rests with the few 
experimenters who have given time and thought to their 
development. The limits of this article will not permit 
the writer to speak of the scientific theories of the various 
systems; but he will confine his remarks to that system and 
class of machinery where cooling is effected by the alternate 
compression and expansion of air, leaving it to future 
opportunity to take up other branches of this subject. 

‘* Regnault’s experiments determine that the specific heat 
of a given weight of gas, which is approximately perfect, 
| does not vary with the temperature nor with the pressure or 
density of the gas; hence it follows that the potential heat 
| energy of a given weight of air is neither increased nor 
| diminished by any amount of compression. In other words, 
a pound of air at a given temperature, say 60°, will heat or 
cool any substance having a temperature above or below 
that of the air, the same number of degrees in every stage 
of compression, it being immaterial whether the volume is 
one cubic foot or thirteen. By compressing air, a cooling 
or condensing medium of comparatively bigh temperature 
can be made available, and it has no other object. 

By the system under discussion cooling is effected by the 
transference of heat from the air to be cooled to a cooling or 
condensing medium, usually water, which when charged 
with heat is run te waste. The initial temperature of the 


air to be cooled is raised by compression to such a degree 
above that of the cooling medium, that in the equalization 
of temperature heat is abstracted from the air under com- 
pression. When expansion follows this cooling, the ter- 
minal temperature of the air is the initial temperature minus 
the heat abstracted, and the heat discharged by the condens- 
ing water is the measure of the cooling effected. From the 
various prospectuses in circulation one might consider that 
cool dry air was an exclusive production, subjecc to the pains 
and penalties of patent monopolies, whereas it is almost a 
necessary incident to cooling. 

Saturated air contains aqueous vapor in quantities vary- 
ing with the temperature. One cubic foot at 33° having but 


Isaae Shone, C.E., of Wrexham, the inventor of Shone’s| dustries, finding application in the manufacture of clocks, | 2°21 grains, at 50° 4°10 grains, at 100° 19°84 grains, conse- 


meumatic sewerage system, and the patent pneumatic 
iquid ejector. These tables are carefully revised and largely 
extended from Professor Thurston's well-known tables, hav- 
ing six additional and entirely original columns, showing the 
ratio of volume to pressure, the points of the stroke at which 
the stated pressures are reached, and the average pressures 
upon the piston, both with temperature variable and con- 
stant. They will be found of great practical use by all who 
have to do with compressed air in facilitating calculations. 


FORMUL2. 


Let t= total absolute temp. due to the degree of tension of 
the air, the normal press. and temp. being taken at 


147 lb. per sq. in. and 69° F. respectively. 
T=normal temp. — 60° F., or C. 


=ultimate press. of air given in Col. A. 
=normal press. of air = 147 Ib. per sq. in. 
R=ratio of compression. 
H=hyperbolic log. of R. 


0-39 
Col. C = (Col. B — 461-2) = t—461°2 
0-99 
Co D=t=(F ) +QU4T 
P Cent. degrees. 
Col. G = t — 274 = Col. D — 274 
Col. F = 46124 ¢ 4612 + Col. B 
Gol. PX100_ 14-7 x 100 


Col H= Col. A. — 14-7 = p—P. 
Col. I= 100 + Col. F. 


Col. K = 100 + Col. @. 


Gol M=1+ Col, K, 


1+H 
N = p x +" —P; RA 100 
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uently reducing the temperature from 106° to 33° causes 
the liquefaciion of 17°63 grains of vapor, which can be co] 
lected and removed as a liquid; failing in this, frost and 
snow are formed, causing no little trouble. Various methods 
have been devised to overcome this difficulty. In a paper 
recently read vefore the Institution of Mechanical Engineers 
by Mr. Lightfoot, an ingenious arrangement was described. 
By this method a partial expansion to a predetermined 
extent reduced the temperature of the air toabout 35°. The 
vapor condensed by this reduction of temperature is 
deposited on metallic surfaces, collected in suitable recep- 
tacles, and run off, after which the air is further expanded 
to atmospheric pressure. In theory this method appears 
well; but satisfactory results would require uniformity of 
temperature in the condensing water not attainable in prac 
tical working. In the paper before referred to, the author 
criticises Bell and Coleman’s method of condensing this sur- 
plus vapor by a system of metallic pipes; but the objections 
the author points out cannot be maintained. It is assumed 
that by both methods the temperature after compression and 
cooling is the same; then the amount of vapor to be deposited 
and run off would in each case be equal. By the system of 
metallic pipes exposed to the action of the spent cold air 
passing from the chamber, the surplus vapor is condensed 
and the latent heat of vaporization as well as the heat of the 
air under compression is absorbed by the ‘‘ spent cold air” 
before entering the co‘apression cylinder, and is afterward 
abstracted and discharged by the cooling water, and ever 
unit so discharged reduces the final temperature of the air 
after expansion by the same amount. 

By the method of condensing the surplus vapor by the 
“‘act of expansion ” the latent heat of the vapor is taken up 
by the expanded air, and the final temperature would be 
raised to the extent of the units of heat taken up, and this 
result corresponds with the author’s statement, that is, with 
the Bell and Coleman method, the final temperature was 96 
below zero, while by the author's system the final tempera- 
ture was only 68° below zero. By either method, when the 
excess of vapor over saturation at the temperature has been 
liquefied and run away, the air is as dry as it can be made 
by any mechanical appliances. 

Referring again to Mr. Lightfoot’s paper, it appears by the 
tabulated results of test experiments that a machine that 
delivers 15,000 cubic feet of cold air per hour with initial 
temperature of cooling water at 57° requires 23°6 indicated 
horse power, and for this delivery there was discharged 
by the condensed water 43,810 units of heat, or an equiva 
lent of making 244 pounds of ice per hour. In other words, 
by this system 23°6 indicated horse power will produce in 
24 hours the equivalent of 52 cwt. of ice, a very low effi- 
ciency as compared with the systems using condensible 
gases as the frigorific medium. The certified results of 
some of the more volatile of these gases sbow a production 
of 12 tons of ice per ton of coal burned. In addition to 
this low efficiency the excessive weight of the machinery 
and consequent excessive first cost may be considered as 
prominent objections to this system; when used on sea- 
going vessels the fact that every extra ton of machiner 
or coal excludes a like amount of paying freight adds 
importance to the objections named. On the other hand, 
the use of air as the frigorific medium in place of chemi- 
cals is an advantage which cannot be ignored, and more- 
over it is a system easily understood and free from inherent 
difficulties to overcome in construction, 

The advantages and disadvantages are believed to have 
been fairly stated in the foregoing remarks, and it is 
hoped that what has been said will make this branch of 
mechanical refrigeration more clearly understood.—ngi- 
neering. 


(Continued from SurrPLeMENT No. 278, page 4428.) 


SIMPLE HOLTZ MACHINE AND EXPERIMENTS 
IN STATIC ELECTRICITY.* 


By Greorce M. Hoprxrys. 


Tue simple machine shown in the annexed engraving is 
nearly if not quite as efficient as the best make, and it is 
much simpler than the one previously described. 

Taking it for granted that the reader is already pretty well 
acquainted with the essential points of a Holtz machine, I 


will confine my description mainly to the points of dif- 


ference between the machine now under consideration and 
the one before described. As the principal dimensions are 
iven on the engraving, it will be unnecessary to repeat them 
ere 

The revolving plate, C’, is fastened with cement. ta the end 


of a wooden sleeve, which is similarto an ordinary spool 
with a groove turned in one of its heads. This sleeve turns 
ona quarter-inch pin projecting from the post, D’, and is 
driven by a large wheel baving the bearings of its shaft 


in the same post, D’. 
“the preceding article. on page 4426, in desc ibing th 

with the folded paver and electroscope. the types cag the electricity 
** marked ;"* they should say, the electricity is “ masked.” 


This arrangement economizes space, 
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and dispenses with one post; but it would probably be better 
to support the driving wheel on a post of its own. This 
would admit of using a longer belt anda larger wheel. 

As the glass might become loosened if cemented directly 
to the flange on the end of the sleeve, I first cover the flange 
with pitch, gutta percha, and shellac cement, and warm it 


80 that it becomes thcroughly attached to the wood. I then 
coat a thin disk of leather with cement, and attach it to the 
| flange, and_ finally cement the leather to the glass. If the 
| leather is of such a porous nature that it does not hold the 
| glass with sufficient rigidity, it is well to apply a little thin 
‘ shellac varnish to its edges te stiffen it 


Fier. 


If the giass does not run truly it may be warmed, and the 
sleeve may be placed on the pin and revolved, and while the 
cement is still plastic the glass may be trued up. 

Two grooved vertical posts, A’, support the two glass 
plates. B’, B®, which in this machine take the place 0 the 


| fixed apertured plate inthe machine described in the former 


article. They are placed far enough apart to allow the collar 

of the plate, C’, to revolve between them, and they are P' 

as near the revolving plate as possible without nny 
The paper inductors and gilt paper teeth -~ o ~4 

and applied as in the other case. Insiead of t or 
sts for supporting the collecting combs, and instea - 
yden ‘orm of condenser, a double Frankliv 

denser, E’, isused. This plate is supported in wooden , 


Fie. 23 


and is longer than the plates, B’, B’. It has equare pleceee 
tin foil attached to opposite sides near opposite en ai 
corners of these pieces of tin foil are rounded to Pv eces aft 
escape of electricity. and the two pairs of tin foil P mate,C 
placed apart, about half the diameter of the revolving Pin ‘pil 
and the distance between the inner and outer piece 
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measured around the edge of the glass at any point must of 
sity be greater than the the machine, 

to prevent sparks from ~— over from the inside to the 

outside tin foil coating. ‘he collecting combs consist of 
bank pins, inserted in half round strips, F’, of tough wood, 
go that their heads are let into the wood, leaving the plain 
side perfectly smooth. The middle pin, a’, is made larger 
than the resi for supporting the discharge rod, 6. The combs 


made are placec on the glass, E’, exactly opposite the 
po of the glasses, B’, B*, at the point whene the gilt paper 
covers it, and the points of the pins must be as near the 
revolving plate, ©’, as possible, without touching. Of 
necessity one of the combs must be the width of the space 
between the plates, B’, B*, higher than the other to bring it 
into the proper relation with the end of the paper inductor, 
but this is not in the least detrimental. 


Fia. 25. 


A space is ct out of the inner coating of each end of the 
condenser, EY, \f the size of the wooden strip, F’, forming 
the base of the comb. The glass at this point is thoroughly 
cleaned, and the com) is attached with the pitch, gutta percha, 
and shellaccement. The backs of the combs are then neatly 
covered with tin foil, which touches the pins and overlaps 
the tin foilon the condenser. A vertical section of the comb 
is shown in the detail view. 


The discharge rods consist of wires of rather | di- 
ameter, say one-eighth inch, wound spirally around the larger 
pins, a’, curved over toward the middle of the machine, and 
provided with metallic knobs or with rings formed on them 
and soldered. The knobs are best ; common lead bullets 
auswer very well ; bullets of type metal are rather better. 

The feet, G’, may be fixed to the base of the machine or 
they may be made adjustable 


Instead of a chain for connecting the o 
pposite poles of the 
machine, I use a wire, H’, bent twice at right angles and held 
— on the base of the machine by two staples. 
© geta detonating discharge the wire is allowed to rest 
a. tee two outer coatings of the glass. To obtain the 
Tye scharee, the wire is turned down upon the base. 
"S Machine is charged in the same manner as other | 
oltz machines, and although its plate is only eight inches | 
diameter, it will yield aspark 24¢ inches in length under the ' 


most unfavorable circumstances. It is probable that if the 


machine were carefully made and used under favorable con- 
ditions it would yield a spark from 8 to 314 inches in length, 
and perhaps longer. 

The machine represented was made with a view to the 
utmost simplicity and cheapness, and I might say it was 
thrown together carelessly to determine how imperfectly the 
machine could be made and still work. I do not recom- 


Fie. 30. 


mend this plac in the constrvction of the machine, but offer 
it asa littie encouragement to those lacking facilities for 
doing fine work. Good work is the most profitable in the 
end, and gives the most satisfaction. 

Of course this form of machine may be made in larger 
sizes without difficulty, and fixed plates of this form are very 
convenient in their application to either single or double 
plate machines. 

As to experiments possible with the Holtz machine, they are 


Fig 


endless. The machine itself presents a weird and interesting 
appearance in the dark. From the positive com> a lumi- 
nous brush extends from each point, as shown in Fig. 12. 
On the points of the negative comb oniy stars or luminous 
points are shown, as represented in Fig. 13. Beside these 
effects the inductors glow with a shimmering, unearthly 
light, like the aurora, The points of the cross-arm are 
luminous. and all conducting points near the machine are 
aglow with the lambent light. 

When the machine is at rest, if one hand is placed upon the 


negative discharge rod and the other hand is held a short 
distance above the positive discharge rod, as shown in Fig. 
14, and if an assistant turns the machine, beams of soft pur- 
ple light will radiate from the knob at the end of the dis- 
charge rod toward the hand. In this experiment, the chain 


/on the table must be removed from one of the jars. No 


shock will be experienced during this experiment if 
carefull 


Geissler tubes are best exhibited by placing them between , scribed. 


the to nearly touch the outer coatin 
of the jars. (Fig. 22.) The discharge rods should be placed 
one-fourth inch apart, and the machine adjusted for the 
silent discharge. Care should be taken in the use of tubes 
having long sinuous passages, such as twisted or spiral tubes 
and the like, as they are very liable to be ruptured by the 
spark. When such tubes are used, the rods must be as near 
together as pussible without destroying the effect. 


Fie. 33. 


Another method of exhibiting Geissler tubes is to hold 
them, in the hand parailel with the face of the revolvin 
plate, and about three or four inches from the Jarge balis 
through which the discharge rods pass. 

When the eiectric discharge is over an interrupted con- 
ductor, a bright spark appears at every interruption. 
Fig. 23 shows a tube wound spirally with a narrow strip of 
tin foil, cemented to it with starch paste, stratena, or shellac 
varnish. After the cement is thoroughly hard, the tin foil 


Fie, 84 


is separated at short intervals, say one-quarter inch, with a 
knife or file, leaving a narrow space of about one thirty-second 
inch between the sections. This tube may be from twelve 
to eighteen incbes long, and for the sake of protection may 
be inclosed in another glass tube. A strip of foil should ex- 
tend from the extremities of the interrupted strip over the 
ends cf the outer tube. The inner tube may then be 
stopped with a cork at each end, which is allowed to pro- 
ject a short distance. These corks are rounded at thetr 


Fie. 35. 


outer ends, and covered with rather thick tin foil, which is 
allowed to extend a short distance over the end of the 
outer tube. This tube, held by one end in the hand 
and presented by its other end to one of the conductors 
of the machine, exhibits a brilliant luminous spiral. The 
brilliancy of the sparks may be increased by connecting the 
discharge rods with the ends of the tube. 

Fig. 24 shows a zigzag strip of tin foil cemented toa plate 
of gus about a foot long. The strip is interrupted as in 


Fre. 36, 


the case of the spiral tube, and the ends of the strip are 
connected with large patches of tin foil pasted over the 
edge of the glass. This plate is very brilliant when the 
ends of the interrupted strip of foil are connected with 
the electrodes of the machine. 

The star shown in Fig. 25 is made by running strips of 
tin foil back and forth over the face of a square of glass, 
and interrupting the strips in the manner already de- 
The spaces between the strips must be three or four 
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the spark from jumping laterally from one strip to another. 
In all of these cases of interrupted conductors, the pieces of 
tin foil may be put on separately if desired, but I have found 
it more convenient to put on the strips as described. 

The Franklin plate or fulminating pane, shown in Fig. 
28, is made by attaching sheets of tin foil to opposite sides 
of a pane of window glass, leaving a space of two inches all 
around. It will be found convenient to support the glass 
upon two wooden feet, as shown in the engraving. This 
plate is charged by connecting the tin foil on one side with 


Fre. 87. 
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times greater than the interruptions of the strip, to prevent discharged by touching the ball and the outer coating of the | point the electrified air is ~ onan so strongly as to blow - 
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jar with opposite ends of a jointed discharger. a candle or turn a fan whee 

The measuring jar, shown ir Fig. 30, is similar to the jar| Fig. 35 shows a light fan wheel having its wings or q 
just described, the only difference being the addition of a| made of paper. This wheel when presented to ‘i — 
curved wire having a ball on its lower end, and a support | the machine, or when placed between the discharge sod = 
for the wire attached to the vertical — wire of the | shown inthe engraving, will be made to revolve <_ 
jar. ‘The ball of the additional wire may be placed a greater | current of electrified air. 7 the 


or less distance from the outer coating of the jar, and it will| Fig. 36 represents a simple apparatus for demonstrating 


be obvious that the jar can never be charged to give a spark | the repellent action of similarly electrified molec 
lon than the distance between its outer contin 4 ye 


g and the | piece of thermometer tube whose caliber is just sufficient 
to permit water to pass through it slowly, is inserted ig the 


The disruptive effect of the spark can be readily exhibited 
by partly filling a glass bottle (Fig. 31) with olive or lard oil, 
and inserting through the cork a curved wire pointed at its 
lower end and provided with a ball at its upperend. The 
pointed end of the wire should be very near the inner sur- 
face of the glass, and the ball at the top should be connected 
| with one of the conductors of the machine. The other con- 
| ductor should be pl..ced opposite the point of the wire and 
near the side of the bottle. The jointed discharger may be 
used to good advantage in this experiment. 

When the machine is turned the sparks will perforate the 
glass, and will continue to pass through until the pointed 
wire is turned to a new place in the bottle, when another 
hole will be made. The holes made by the spark are so 
small that the oil will pass through very slowly, if at all. 

Figure 82 shows a chime of bells operated by the electric 
discharge. The three bells one ompentes from a wire 
cross arm, which is supported by one of the discharge rods - A ~ : : 
of the machine or by cx invabeted support ecuneetad with only drops from the capillary tube, but when the machine 


- : is turned the water runs in a stream. 
the machine. The two outer bells are suspended with | 
chains, the middle one with a silk cord. Two small metal | For various experiments with the electrical machine and 


; with Leyden jars 4 jointed discharger is very convenient. 
buttons are suspended by silk threads half way between A pte sal lanmeneiis one is aave in Fig. 37. It con- 
sists of two wires bent one around the other to form a 
joint, and bent out nearly parallel in one direction to secure 
wooden handles, while the opposite extremities are curved 
and provided with balls at the ends. 

In many experiments in static electricity the wires must 
terminate in balls, to prevent escape and to secure the de- 


| bottom of a small tin pail. The pail is partly filled with 
water and hung upon one of the discharge rods of the 
machine. So long as the water remains in a neutral state it 


sired form of spark, and as it is a matter of considerable 
labor to make a large number of metal balls on the lathe, I 
have adopted the expedient of casting the balls directly 
upon the wires, using an old -fasbioned bullet mould with a 
hole drilled in the bottom to receive the wire upon which 
the ball is cast. Type metal is excellent for this purpose, 
but lead will answer very well. An alloy of tin and anti- 
mony makes a very fine ball that may be lacquered to look 
like brass. 

In a certain class of experiments the universal discharger 


the ground, and that upon the other side with one of the | 
conductors of the machine. It is discharged by touching 
opposite sides with a discharger. By connecting opposite 
si ies of the plate with the opposite conductors of the machine 
the plate may be charged so that it will discharge over its 
edges with a Toud report 

The Leyden jar, shown in Fig. 29, is nothing more than 
’ fulminating pane rolled up. It may be made by covering 
a jw over the bottom and about half way up its sides with 
un foil, and stopping the mouth of the bottle with a well 
varnislied cork or wooden stopper, through which runs a 
ons-eighth inch wire, having a knob on its upper end, anda 
yiece of chain on its lower end resting on the tin foil lining. 
t is well enough to varnish the uncovered portions of the 
gliss jar with shellac varnish. The jar may be made in 
various sizes, and when the size is so small that it is incon- 
venient to applv tin foil to the inside, a little shellac varnish 


is convenient if not absolutely necessary. A cheap and 
simple form of this instrument is shown in Fig. 38. It 
consists of a pane of glass a foot long and six inches high, 
supported on wooden feet. Upon the upper edge in the 


Fie. 48. 


the outer bells and the middle one, and the middle bell is 
provided with a chain which rests on the table. 

When the machine is turned the suspended buttons are 
attracted to the outer bells, and after becoming charged 
with electricity are repelled by the outer bells and attracted 
toward the middle one. After parting with their char, 
they are again attracted by the outer bells, again repelled, 
and so on. If the bells are connected with the ball of a 
Leyden jar, and the chain from the middle bell is connected 
with the outer coating of the jar, a slow discharge of the 
jar will take place; and the time occupied in the discharge 
may be prolonged by fastening up one of the buttons 80 | 

e electric fly, shown in Fig. 33, illustrates the effect o .. = © wooden 
whe from points” ‘The of a there 4 glam, table. supported by two, 
piece of metal having a slight depression in the center to ine upright glass axe twe wiees best 


‘receive the pivotal point on which it turns, and having a the form of a spring in the middle to clasp the glass, and 


having at their upper ends balls and at their lower ends 
rings to receive the conductors which connect it with the 
machine. By means of this instrument the electric dis- 
charge may be made to pass through any substance placed 
on the glass table. 


may be poured into the bottle, and the bottle coated half 
way up its sides with the varnish by turning it down upon 
the side and revolving it. Before the varnish begins to dry 
a quantity of metal filings are poured into the bottle and 
shaken about. They attach themselves to the varnish and 
form « metallic coating that answers a very good purpose. 
When the varnish dries the surplus filings may be poured 
out and the bottle may be coated with foil on the outside. 
The jar is charged by connecting the outer coating with 
the ground or with one of the conductors of the machine, 
and connecting the ball with the other conductor; and it is 


The simplest method of making an insulating stool for 
person while being charged with electricity 18 
shown in Fig. 39. It consists of a board supported by four 
common tumblers. An insulated cpherions conductor is 


number of wire arms, pointed at their outer ends and all | shownin Fig. 40. It may be made of any thin metal or of 
bent in the same direction. When the pivot of the fly is |a pasteboard bal! covered smoothly with tin foil. Probably 
connected with the machine, the fly revolves in a direction | the cheapest article for this purpose is the copper ball float 
opposite to that of the points. The motion is owing to a | sold by plumbers. This sphere is supported upon & glass 
repulsion between the electricity of the points and the | standard inserted in a wooden base. The ball is Sve to 
electricity imparted to the adjacent air by conduction. | six inches in diameter. Fig. 41 shows a cylindrical con- 

Fig. 34 shows a fly mounted ona _ horizontal axis, the lat- | ductor about four inches in diameter and twenty inches oF 
ter being placed on two inclined wires having feet resting | two feet long. It has rounded ends, and is supported on & 
ona pane of glass. On connecting the incline with the | glass standard at the same height as the spherical conductor. 
machine the fly will revolve and ascend the inclined plane | With these two conductors the phenomena of static induc, 
in opposition to gravity. When electricity escapes by a| tion may be exhibited. From each end of the cylin 
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r a pair of P 
s, and a pair o 
the center of the conductor. Now, by charging the | 

a vonductor with positive electricity, and bringing it 


ogg balls at the ends of the latter will diverge, while 


those at the center will remain quiet. By applying the test 
iven in the early part of the former article it will be 
found that the electricity of the end of the cylindrical con- 
ductor nearest the sphere is negative, while that of the re- 


mote end is positive. 


. 42 shows a pistol, consisting ot a metallic tube | 
ntly stopped at one end with insulating material, and 
i ing a Wire inserted in the stopper and nearly touching 


vin 
mab of the tube. The tube is filled with a mixture of  ©"© 


ductors of the machine. To prevent the pith 
a few inches of one end of the cylindrical conductor, | flying in all directions they are confined by the glass jar. 


between two metallic plates connected with 
lis from 


our pieces of window glass forming a 
replace the jar in this experiment. 
Gassiot’s cascade, shown in Fig. 46, is a beautiful experi- 


ow square may 


ment, but requires an air pump. A goblet coated with tin 
foil inthe manner of a Leyden jar is placed under the tubu- 
lated bell of an od ears a rod extends through the bell 
into the goblet, 

(the rod and plate of the air pump being in 


when the electric discharge takes place 
communication 


Fie. 49, 


with the machine), a cascade of wavy light overflows the. 
goblet like a fountain. 
The glass globe (Fig. 47) is suspended by a silk thread 


between the discharge rods of the machine. If started it 
will continue to turn in the direction in which the electric 


discharge takes place. If vertical strips of tin foil are fast- 


don the globe at short intervals it will revolve without 


illuminating gas and air, and lightly stopped with a cork. ¢Xternal aid. 


Fig 47. 


An electric discharge through the wire and tube explodes 
the charge of gas. Fig. 43 shows a somewhat similar de- 
vice for exploding gunpowder. It consists of a block of 
wood having a central cavity into which are inserted two 
Wires nearly touching. The powder is placed in the cavity, 


and the spark sent through the wires, in leaping the space 
between their inner ends, ignites the powder. 
- fish shown in Fig. 44 is of pasteboard covered with 


The paper butterflies (Fig. 48), when held in the manner, 


indicated, will flutter in a most natural way. 

The pith ball electroscope, shown in Fiz. 49, consists of a 
rod having at its upper end a bah and at its side a scale, 
from the angle of which is suspended a pith ball on a fila- 


Pre. 5 


ment of whalebone. The upper end of the whalebone is 
formed into a loop which hangs on a delicate pivot project- | 


ing from the scale. This instrument placed on a body re- 


ceiving an electric charge will indicate the extent of the! 


charge. 


ith balls should be suspended by silk| Fig. 45 represents a simple apparatus for exhibiting the |'CHEMICAL ENERGY AND ELECTROMOTIVE 
pith balls should also be suspended | alternate attraction and repulsion of pith balls when placed 


FORCE OF DIFFERENT GALVANIC‘ COMBINA- 
TIONS. 
By Jutius THOMSEN. 


Ir has hitherto been difficult to determine whether the 
| whole or only a portion of the energy produced by chemi- 
cal action is converted into electricity, for want of suf- 
ficiently accurate measurements of the beat corresp« nding 
| with the chemical reactions. The author is now able to 
| solve this problem, using his recently thermo chemical 
‘results. The first condition, that all chen.ical energy 
can be converted into electricity is that no chemical action 
must take place when the circuit is broken, a condition 
realized in the so-called constant batteries. The current 
from a Daniell’s cell was made to pass through a calori- 
meter containing four platinum spirals, and the quantity of 
heat produced by the current measured, the current itself 
being also measured on a sine galvanometer, the absolute 
value of the deflections of which were known by a previous 
comparison having been made with the corresponding quan 
tities of gas given off in a voltameter. The resistance of the 
Daniell’s cell was also determined, so that the total quantity 
of galvanic heat produced in a given time could be calcu- 
lated. Knowing the absolute value of the current flowing 
during this time, the amount of chemical decomposition 
going on in the Daniell’s cell could be calcuiated, and its 
eat equivalent determined from the author’s recent experi- 
ments on the beats of combustion. And it was found thatin 
the case of a Daniell’s cell the galvanic heat or heat yenerat- 
ed by the current flowing through resistance was practically 
equal to the whole of the heat that would have been pro- 
duced by the chemical decomposition in the cell had the 
chemical reactions taken place without production of elec- 
tricity, the two numbers being 50,292 in the first case and 
50,180 in the second, or practically the whole of the chemi- 
cal energy in this case is converted into heat. 
The author next compares the chemical energy and the 


E.M.F. of different galvanic combinations, and results 
are shown in the following table 
Corre. 
Chemical @eaction. i the 
# 
Sulphate ot coper |} _ (cu, 0,805 Aa) |~ 1.00] Daniell 


(lin, 0, 80, Aq) | 108,080" 
— (Cd, 0, 80s Aq) |— 


+ (Zn, Oly, Aq) ...|4-112,840 


Sulphur acid’ Aq) [106.0008 
1-92) Bunsen 


Carbon (fy Oy, 0, Hy 10,0108 


+ a, 0, 80s Aq) 
5 


82,810 | 1-65) Bunsen 
wid’ + 0, 80» Aa) 


“99,790 |1°99| Bunsen 


=|} + (Cx, 0,80, Aq) 65,900 
Carbon 0, Hy O)|— 10,010 


Carbon of Cl, Oly) | — 55,5208 


|} + Gn, 0,80, Aq O78 


Lastly, the author compares the calculated E M.F. with the 
actual electromotive force, and the amount wf accordance 
of the numbers given in the last ~ columns of at ye 
table shows what proportion of the total energy of the 
is converted into dectricity= 


Chemical Energy. 
Combination. BMY. 
Absolute. | Relative. 
80, 4100 Hy 
80, A 
}~ 16,500 | O88 oss 
Cl Aq 64,080 
{ag—ag cl 1.08 1,065 
‘ 
Zn—H, 80, + 100 O 
B, 0 ini 82,810 1-65 1-9 
80, + 100 Hs 1 
Zn—Hy 80, + 100 By 
1 owe] 45,960 | O88 oss 
Cu—Hy 80, 4 100 Hy O 
‘|. (Fe—Fe Cly Aq 


—Annalen der Physik und Chemie. 


TEMPERATURE OF THE ELECTRIC LIGHT. 


By Fr. Rosertr. 
From experiments with 160 Bunsen elements with 
Duboscq’s lamp, it appears that the temperature of the posi- 


Fig. 50 shows a double pith ball electroscope with a tive carbon lies between 2,400° and 3,900° C. It is so much 


standard. 


the higher the smaller the radiating surface, supposing that 


What has been said covers a very small proportion of the the surface includes the extreme point; the temperature of 


possible experiments in static electricity; but it is 
that some of the hints given above in regard to the con 


struction of the electrical machine, and some of the apparatus | trodes are not below 2,500° and 3,900° C 


hoped the negative electrode varies between 2.138° and 2,5380° C. 


Hence the temperatures of the extreme points of the elee- 
Ina Reynier lamp 


Paper and suspended by a silk thread. When its point- | to be used in connection with it, will enable the student of connected with 8 to 10 Bunsen elements, the a eer | 


ed tail is presented to the conductor of the electrical ma- | 
shine it is repelled, but its rounded head is attracted. 


‘will prove of absorbing interest. 


electricity to at least begin » course of experiments which ~ — carbon amounted to 2,406°—2, 734° C.— Ata, 
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PHYSICS WITHOUT APPARATUS. 


Tue following are a few more simple experiments in phy- 
sics belonging to the excellent series hitherto published, and 
for which we are indebted to our French contemporary La 
Nature : 

Take aten cent piece and place it flat against a vertical 
piece of wood, such as the upright of an oak set of book- 
shelves, for example, rub it briskly up and down, all the 
time pressing it firmly against the wood, In afew moments 
remuve the hand and the piece of money wil! be found fast 
adherent to the wood. The reason is this: By the friction 
and the pressure exercised the thin layer of air between the 


coin and the wood has been expelled, and the pressure of | 


the external atmosphere suffices to hold the coin in place. 
(Fig. 1.) 


Fie. 1.—SILVER COIN CAUSED TO ADHERE TO 
WOOD BY PRESSURE OF THE AIR. 


The experiment represented in Fig. 2 is an interesting one 
and may be varied in different ways. Cut out of a playing 
or visiting card a spiral, and then elongate it in such a way 
that the center may pivot on the end of a piece of wire bent 
at right angles. [f the spiral be placed over a current of 
hot air, such as that which ascends from a lamp chimney, 
it begins to revolve quite rapidly. The spiral may also be 
placed, with its support, on a hot stove and made to revolve 
in the same manner. This experiment, though simple and 
often performed, may give occasion for a short lecture on 
the inclined plane, the motion of the air, the transformation 
of heat into motion, ete. 

These two experiments are very easy of execution, and 
any one can perform them without risk of failure or with- 
out preliminary practice; but not so with the one shown in 
Fig. 3. This consists in raising a napkin-ring by making it , 
revolve around the forefinger. The experiment is difficult and | 


Fie. 4—EXPERIMENT ON CENTER OF GRAVITY. 
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novel and easy of success. Thrust a piece of bent wire or a 
bent nail into the end of a key, and tie the hooked end of the 
wire or key firmly to a wooden ruler. From the lower end 
of the ruler suspend a weight of, say, two to three ounces, 
Then embed a large-headed pin in the top of a table, near the 
edge, and carefully adjust the handle of the key on the head 
of the pin so that the whole affair shall be in equilibrium, 
as shown in Fig. 4. The key may then be made to pivot on 
its narrow support without falling off. It is scarcely neces- 
sary to explain that this is due to the fact that the weight, 
the center of gravity of the affair, is, through the inclination 
of the ruler, situated directly under the point of suspension. 
Very often at fairs and industrial exhibitions crowds of per- 
sons will be seen attracted before those curious concave and 
convex mirrors which cause the observer to assume most 
grotesque forms. The same optical phenomena, however, 


Fie. 2.—PAPER SPIRAL ROTATED BY A 
CURRENT OF HOT AIR. 


may be shown by simpler methods at home. It is sufficient, 
for instance, to look at one’s self in a highly polished spoon, 
or, better, in a silver coffee pot, to see the same effects. The 
convex side of a silver coffee pot makes an excellent convex 
mirror, and when the hand is placed near it, the image of 
the latter will appear enlarged and deformed, as shown in 
Fig. 5. The most remarkable and brilliant phenomena are 
not always those which require the most complicated pieces 
of apparatus. What is prettier than a soap-bubble, which is 
so easily formed at the end of a straw (Fig. 6)? At its incep- 
tion, when the liquid sphere is yet of only a smal] diameter, 
the film is colorless and transparent. Little by little, as it 
becomes inflated with air, the diameter increases at the ex- 
pense of the thickness; and, as the tenuity increuses, a most 
brilliant series of colors begins to play over the surface of 
the sphere, forming by their admixture a multitude of 
iridescent tints. This experiment, so simple and childish, | 


Fie 5.—CONCAVE AND CONVEX MIRRORS SHOWN 
WITH COFFEE POT. 


THE PAST IN THE PRESENT. 


Tue curious persistence of barbaric customs side by 
with the highest civilization has been noted by Side 
Some interesting illustrations of this tendency of the wt: 
and the uneducated to resort to or retain archaic tools 
lements, and modes of living, are given by Prof » im. 
itchell in a recent work ov * The Past in the Present.” 
Speaking of the favorite idea of to-day, that man is j 
state of constant progression, Prof. Mitchell says: "v 
“The tendency to go on forever becoming somethin bet 
ter and nobler does not exhibit itself in the history of 5 ‘ 
so far as we know it. . . A social organism, like a, 
individual organism, undergoes modifications until it - 
into equilibrium with environing conditions, ang there. 


‘upon continues without further change of Construction, 


Fie. 3.—NAPKIN RING RAISED BY CENTRIFUGAL 
FORCE 


When the conditions are aa meteorologically or geo- 
logically, or by alterations of flora or fauna, or by migra- 
tion consequent on pressure of population, or by flight be- 
fore usurping races, or by other such things, then some 
change of social structure is entailed. But this change does 
not necessarily imply advance. Often it is toward neither a 
higher nor a lower structure. When the habitat entails modes 
of life that are inferior, some degradation results.” 
Reviewing at length Prof. Mitchell's work, the 7/mes remarks 
that we cannot afford, in the interests of truth, to be in the 
least sentimental in our treatment of a problem of this char- 
acter. The deductions drawn from the best modern thought, 
without the use of examples, indubitably lead to an opinion 
of this character. A man must be ignorant of history who 
cannot see for himself how the degradation of races, cul- 
tured or civilized (we will not dispute as to the meaning of 
these little-understood words), has come to pass. Highly 


Fie. 6.—PHENOMENA OF COLORED RINGS. 


requires a quick hand and some practice, but we have seen it | which offers so many attractions to an artist who loves colors, | evolved societies, sucn as the Egyptians, Babylonians, As- 
is none the less beautiful and less interesting to the eyes of | syrians, Pheenicians, Persians, Jews, Greeks, and Romaos, 


succeed perfectly. The forefinger is placed vertically in 
the middle of the ring (which should be light and of as little 
bulk as possible) and twirled around as rapidly as possible. 
Through the action of centrifugal force and the resistance of 
friction the ring may be at length lifted with the finger in 
rotation as the latter is gradually raised. It is not impossi- 
ble to lift the ring thus over the neck of a bottle and then 
allow it to drop thereon. This little trick is one of those 
sometimes performed at the table after dinner; but, aside 
fiom its trivial character, it may prove the object of inter- 
esting physical considerations, 

We have already pubiished many experiments in regard 
to center of gravity, and bave given several curious exam- 
ples of equilibrium; here is another, however, which is quite | 


the savant. 


Newton made it the object of his studies and | Mr. Spencer bids us look at. 


They have disappeared or 


meditations, and since his time the colors of the soap-bubble | have dwindled to barbarous hordes, or have been long pass 


have held a legitimate place a..ong the curious phenomena | ing into decay.” 


The ruins of Java, of Peru, of Mexicv, 


of optics, and are studied under the name of ‘ Newton’s|of Central America, show tbat a teeming population, 
Rings ”"—the phenomenon which results from the interference | highly cultured, once existed, of which not a trace Te 


of light falling ou thin films, 


There are few futile observa-| mains to-day. 


Mr. Spencer further points out that the 


tions in the study of the material world. Galileo discovered | tribes now known as lowest sometimes exhibit social phe- 
the laws of the pendulum by watching the swing of a lamp nomena which are due ———— not to causes now ope 


in a church; Newton unveiled the principle of universal at-| ing, but to causes that operate 


during past social states 


traction by seeing an apple fall; and Pascal was led to study higher than the present. If we can put any faith io his- 


the laws of acoustics by veer | the resonance of a faience | torical 


plate that somebody accideutal 
seated at the table, 


| fallen away and quite disappeared to-day. 


evidences, there was a civilization in Sout 


struck with a knife while | Africa existing as late as the seventeenth century, which has 
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to another continent for this lesson? Did it not exist in 
deserted pueblos found in our own southwestern coun- 
try? Sorely has this question of degradation puzzled the 
siulities of the greatest minds, and Humboldt and Niebubr 
are both inclined to think that savages are the degenerate 
remnants of more civilized races. 
Passing from the conclusions arrived at in ‘‘ The Past in 
e Present,” the Times endeavors to explain some of the 
illustrations used by the author, which mainly tend toward 
showing that not a few of the relics of a past age exist 


jay. 

Visiting Fetlar, one of the Shetland group of islands, the 
author meets a boy giving shape to something with a Saget 
knife. Being asked what he is making, he replied: ‘A 
whorl for his mother.” Finding the mother of the lad, she 
roduces two spindles, each with a soapstone whorl. It is 
acircular bit of stone which slips on the light wooden spin- 
die, and by its weight, when once - in movement, keeps 
up the motion as would a fly-wheel. Here the author ac- 
ires a lesson of caution which antiquarians should remem- 
ber. Here is what is believed to be one of the oldest of 
objects, something found in rs and Carlovingian 
yes, in Swiss lacustrine finds, in the socalled Troy of 
iiiemene, in the Egyptian tombs, in the Mound-builders’ 
graves of Ohio, which was thought to have belonged to a 
and forgotten time. It is in use by a woman on the 
very outskirts of the greatest civilized center the world 
knows of. The housewife is still working her wool or flax 
by a method thousands of years old. From having once 
been used by every woman who made yarn or thread in 
England, the whorl has been forgotten by generations of 
later spinners, until to-day only, perhaps, in an isolated spot 

in the Shetland Islands it has survived. 

There is degradation even in this poor bit of stone or lump 
of clay, for Prof. Mitchell finds that at Islay, within fourteen 
miles of Inverness, a woman, instead of the stone, used a 
piece of potato. The spinner knew nothing about a stone— 
had always used the potato. When an old art wanes there 
is then degradation of the object. This point of a falling off 
from a higher special standard, the author frequently illus- 
trates. Take the discovery of printing, and consider the in- 
fluences it had on manuscript. Whenever books are multi- 
plied less labor and skill is used in their manufacture. Such 
manuscripts as were once produced no longer exist. A 
curious example is deduced from the samplers. Once care- 
ful needlework was combined with excellent design. Dr. 
Balfour shows the author five samplers, the work of five 
generations vf women in one family. They are dated, but 
it was not necessary to look at them for chronological indica- 
tions. The nearer they were to us the worse they were. 
“Sampler work was dying out, and death came to it in the 
usual way, by a process of degradation.” Woven stuffs, 
made wits bandsome designs, were better, cheaper, and 
sampler work was useless. Must we, then, despise the 
whorl» Was primitive man a stupid creature for having 
invented and used it? Why, it is used to-day in India, and 
attached to a crude spindle, a simple splinter of cane, with 
a pellet of clay, those marvelous muslins of Dacca, 
with the poetic names of the Evening Dew, the Running 
Water, the Woven Air, are made, and neither Manchester 
nor Lowell can imitate them. We have no right, then, to 
speak of these whorls or spindles as the implements of bar- 
barous and uncultured people, for we know that they are 
capable of supplying the material for either coarse fab- 
ric of the Shetlander or that diaphanous tissue which but 
half conceals the charms of the Oriental houri. Neither the 
simplicity nor the antiquity of the contrivance would neces- 
sarily show its employer to be wanting in culture or in ca- 
pacity. We ourselves might be called of the stone or the 
bone age, and therefore degraded intellectually, because our 
glazier cuts his glass with a stone, or for the reason that the 
writer of this cuts the leaves of his book with an ivor 
paper-knife. We have the choice of material, that is all, 
which primitive man had not. 

“There is sometimes,” writes Professor Mitchell, ‘‘an un- 
willingness to louk at all sides of objects classed as ancient, 
lest something should be discovered which might reduce their 
age, and render them possibly modern and commonplace.” 
The love of the wonderful is inherent, and certainly shows 
itself, and there is disinclination to accept what may over- 
throw cherished opinions. 

In the Island of Lewis, in driving from Uig to Barvas, 
Prof. Mitchell sees a stone-breaker eating his dinner from a 
remarkable vessel. The strange vessel is purchased, and the 
author finds out where the craggan, as it is called, is made. 
It is a woman who is the potter in the village, and she 
makes a craggan for her visitor. She takes the coarsest 
clay, uses her fingers, a stick, and constructs one. It is al- 
lowed to dry for a day or so, and then fired by buiiding up 
burning peats around it, As soon as it is taken from the 
fire, the workwoman slowly pours about a pint of milk in it 
in order to make it less porous. ‘The rudest pottery ever 
discovered among the relics of the stone age is not ruder 
than this, and no savages now in the world are known to 
make pottery of a coarser character.” Suppose fragments | 
of a craggan were brought before a society of archeologists. 
The chances would be very great that their decision would 
be that these potsherds were the outcome of a people who | 
Were clad in skins, eating raw flesh, and utter barbarians. | 


But the woman who made this poor ware was a Christian, 
and around her in her wretched cabin were the evidences of 
the civilization and commerce of the present century. Her 
surroundings might have been miserable; still, there was 
cotton from America, sugar from the West Indies, tea from | 
China, and tobacco from America. All she did was to re- | 
peat what had been done in prehistoric Scotland, and here | 
Was the overlapping of the past in the present. So we may have | 
ina limited area the choicest Sévres china and the crudest | 
earthenware crock—the first, the sum total of all the ex- | 
periences of science and art, and the last indicative of the | 
methods used by man when he first made a poor pot. Pass- 
ing hy the quern, the primitive hand-mill for grinding corn | 
or oats, which shows survival of the earliest method, of the | 
knockin’ stane, used for dressing barley, a rude stone mor- 
tar with a stone or wooden mallet, both still in use, we 
come to some strange aberrations of taste which Prof. | 
Mitchell develops fromthe use of these vessels or imple- 
ments. The woman who made the craggan did, we should 
Suppose, the very worst thing with her earthenware pot when 
She poured milk into it. It might have stopped the pores, 
but the albuminous matter, absorbed by the clay, would be 
Sure to decompose, and would taint all other fluids placed in 
the vessel. Now, the result would be that as all milk put in 
& craggin would become tainted, a liking for a badly fla- 
vored milk would be produced. Therefore, in the Shetland 
Isl inds, tastes have been trained to like this tainted fluid. 
cultivation of a peculiar taste for unsavory things finds 
80 illustration in the use of game which, when decomposed, 
intelligent people still eat. It is a flavor which is fashion- 


able. ‘‘ With such facts as these in mind, is it not unsafe “been produced. Certain special works, where the pencils of 


to draw strong conclusions as to the intellectual state of 
Rav: from the fact that we find many of them eating and 
relishing food which we detest? ” 


Wolf or Keulemans have been employed, may vie with those 
of Gould, but taken in a collective sense, his splendid folios, 
full of colored plates, are as yet without arival. That he was 


In Shetland, from the uncertain character of the harvest, | a good man of business the fact that his writings were not 
corn is often plucked barely mature, not fully dried, and | only oe oe further realized him a consider- 


necessity requires that it shall be consumed at once. It is 
dried by roasting, either in a kettle or on a hearth, by roll- 
ing hot stones on it. It seems ae, natural that this 
must have been a primitive method. he corn thus pre- 

is called burstin. Of course, some of the grains are 


able fortune, is the best proof. Thoughin outward seem- 
ing he was stern and even somewhat brusque in manner, 
those who knew him well can vouch for the goodness 
of his heart, and can teil of many an act of kindness 
and charity, concealed from the world under a bluff 


urned, but it istoo precious to waste or maybe too trouble- | exterior, and no one ever heard him speak unkindly of an 


some to separate, and so all are incorporated in the same 
bread. The taste could not be agreeable to us, but habit 
had made the taste, and what originated by accident or im- 


of his contemporaries. Straightforwardness was one of h 
especial characteristics, as well as an exact manner of doing 
business, paying for everything the moment the work was 


perfect preparation, when man first grew oats or barley, has | done; and this probably accounts for the way in which his 


been retained and accepted. African travelers tell us of 


artists, lithographers, and colorers worked for him for long 


Zulu women carrying water in ostrich cage in the openings | periods of — 


of which a tuft of grass has been put. Prof. Mitchell, who 


| Mr. Gould at his death was in his seventy-seventh year, 


has an eye for the picturesque, draws a charming picture of | having been born in September, 1804. He was a native of 


a Lewis 


irl, handsome, healthy, bare-legged, who carries | Lyme, in Dorsetshire, but when quite an infant bis parents 


on her back an open creei half filled with heather, and in it| moved to the neighborhood of Guildford. When he was 
nestled two large globular craggans full of milk, each with | fourteen years‘of age his father was appointed foreman in 


its mouth stopped by a handful of freshly pulled grass. As | the Roy: 


Gardens at Windsor, under Mr. J. T. Aiton, and 


she passed she was unconscious of being in the professor's | here the lad bad a grand opportunity of studying British 


eye an archaic maid. 


birds in a state of nature; in his collection are still to be seen 


Passing rapidly over the black houses of Lewis, made of | two magpies shot by himself and stuffed at the age of four- 


rough cobble-stones, thatched with sod, and the bee-hive 
houses of Loch Roag—these are described as being abso- 
lutely the same structures as were built in prehistoric times 
—only people live there to-day, and are born and die there | 
—Prof. Mitchell insists that the dwellers are not lower in) 
mental condition than those who live in the closes and alleys | 
of the Canongate and Cowgate of Edinburgh. These in the | 
city ‘‘ are persons not only uncultured, but to a large extent 
incapable of culture; on the other hand, the people found living 
in these black houses are not the dregs of a community, but 
a whole community.” One wonderful peculiarity in the | 
black houses is that the turf roof does not throw the rain 
water clear of the walls, but is so constructed as to allow | 
the water to fall exactly on the walls. Can this be stupid- 
ity? The author asserts that it is not; that it is not from 
a want of mind or want of knowledge. The people know 
perfectly well the effects and advantages of making a roof | 
throw rain beyond a wall. Here we cannot agree with 
Prof. Mitchell, but must think that human degradation has 
been carried so far as to blunt their perceptive faculties. 
One quite terrible chapter, treated, however, in a philo- 
sophical spirit, is the one describing cave life, as it may 
be seen in Sootland in Wick Bay. The scene 
is revolting, Man and _ wife, children — boys and 
girls—were found almost in a state of nudity, without a 
single feeling of shame. There were hardly any distinc- 
tions of sex. A woman mixed oatmeal and water in a tin 
dish, spreading out the cake on a flat stone, and toasting it 
before a turf be There were neither tables, chairs, nor 
stools; the people sat on stones. The cave-dwellers were 
tinkers, ostensibly, but they made horn spoons, told for- 
tunes, —— horses, and begged and stole. They were not 
gypsies. Light and red hair, blue eyes, and freckled skins 
were common. They were slightly built, and did not look | 
vigorous. Their heads and faces were unusually bad in 
form, their expression resembling those who had been con- 
victed of petty crimes. Broken noses and scars were com- | 
mon. Their origin was uncertain. 
Irish, the dregs of a race, ‘ persons who had dropped out of | 
the line of march,” but not worse, the author thinks, than 
the degraded class found in Edinburgh or Glasgow. Sup- 
pose we were to describe a horde of Bushmen as having no 
sense of shame, with the feeblest appreciation of virtue or 
chastity, ignoring truth, indifferent to honor, unable to 
read or write, without a glimmer of belief, utterly ignorant 
of God, this portrayal would be accepted. Its exact appli- 
cation might be found for these cave-dwellers, with but one 
exception. The Bushman could not work tin as these men 
did. But would not a flint arrow, at least for the fashion- 
ing of it, be equal to the skill of a caveman just described 
when he beat out a pan? The Bushman might be taught to 
make the tin pan, but it is quite uncertain whether the 
Scotch cavemen could ever fashion the arrow-head. The | 
past amid the present is further shown by the existence of 
the tinder-box, and of the crusie—the oil-lamp of old Scot- | 
land. Thirty or forty years ago there were millions of | 
crusies in Scotland, and now they are so rare as to find a 
place in collections. In Shetland, the bismar, a crude 
wooden steelyard, is still in use, the only difference from the 
other steelyards being that it has a fixed weight and mov- | 
able fulcrum, instead of a fixed fulcrum and movable 
weight. Sinking stones used in the Shetlands by fishermen | 
are discussed—simple weights which carried the hovk to 
the bottom for deep sea or river fishing. There is positive 
survival in a great many fishing implements. In Norway, 
as in the Shetland Islands, the same methods of sinking 


| lines or nets are employed as must have been in vogue 


cars ago. It would have been exceedingly | 
rof. Mitchell had told us of having found | 


thousands of 
interesting if 


jany gorge-stones—for catching fish—for the same imple- | 


ments made by prehistoric man in France served our In- 
dians but twenty years ago on the shores of Lake Superior. 


JOHN GOULD, F.R.S. 

THE grave has recently closed over the remains of a very 
remarkable man, and although the annals of science, we are 
proud to think, afford many instances of indomitable energy 
and unceasing perseverance rewarded, they have no greater 
record of success than is to be found in the life of John 
Gould. No one can regard the series of works written and 
illustrated by him without acknowledging that they are a 
monument of human energy, and the story of his life makes 
the fulfillment of these large enterprises the more interest- 


ing. In the character of the man we must look for the secret | 


of his success, because it is well known that he possessed 


neither the advantages of wealth nor education at the com- | 


mencemeat of his career, aud yet he has left behind him a 
series of works the like of which will probably never be 
seen again; and this because it is rare to find the qualities of 
a naturalist, an artist, and a man of business combined in 
one and the same person. Jolin Gould was all these in an 
eminent degree; he knew the characters of birds as well as 
any man living, and although it has been often said that he 
made too many species—and latterly it has been the fashion 
with certain writers to sink a good many of them—yet the 
monographer, traveling over the ground again, generally 
finds that the critic, and not Gould himself, wasat fault. As 
an artist, he possessed talent combined with the greatest 
taste, and this, added to the knowledge of botany, acquired 
in his early days, enabled him to give to the world the most 
beautiful series of pictures of life which have yet 


teen, which are even now most creditable specimens of taxi- 
dermy, and foreshadowed the excellence which he afterward 
attained to in that art. Till the year 1827, when he came to 
London, he was still employed in active gardening, having 
left Windsor for a post at Bir William Ingleby’s, at Ripley 
Castle, in Yorkshire. Immediately after coming to town he 
was appointed curator to the Zoological Society’s Museum, 
at that time in its infancy, and he enjoyed the intimate 
friendship of Mr. N. A. Vigors, then one of the leading En- 
glish naturalists, and through him John Gould received his 
first opportunity of appearing as an author. So rare were 
Himalayan birds in those days that a small collection was 
thought worthy of description by Mr. Vigors in the Proceed- 
ings of the Zoological Society, and the figuring of these 

cimens was commenced by Mr. Gould under the title of ‘A 
Century of Birds from the Himalayan Mountains.” By this 
time, however, an event had taken place which had an influ- 


|} ence on the whole of his later life, viz., his marriage with 


Miss Coxen, the daughter of Mr. Nicholas Coxen, of Kent. 
Besides her other accomplishments, Mrs. Gould was an admi- 
rable draughtswoman, and, from her husband’s sketches, she 
transferred to stone the figures of the above-named work. 
Its success was so great that in 1882 the ‘‘ Birds of Europe” 
was commenced, and finished in five large folio volumes in 
1837, while simultaneously, in 1884, he issued a Monograph 
of the Rhamphastide or family of Toucans, and in {a3 a 
Monograph of the Trogonide or family of Trogons. To the 
last he maintained his love for these birds, and one of his 
most recently finished works was a second edition of the 
last-mentioned Monograph. It isa curious fact that when 
Join Gould proposed to publish his first work, he applied to 
several of the leading firms in London, and not one of them 
would undertake to bring it out, so that it was only with 
reluctance that he began to issue the work on his own ac- 
count. Besides these larger publications, he bad described 
the birds collected during the voyage of the Beagle by his 
friend, Mr. Darwin, and had contributed papers on other 


They were Scotch and | 7 to the Zoological Society’s publications, 
e 


now come to what we consider the most striking inci- 
dent in Mr. Gould’s life, one ansurpassed in its effects in the 


| annals of ornithology. Beyond a few scattered descriptions 


by some of the older authors and an account of the Austra- 
lian birds in the museum of the Linngan Society, by Messrs. 
Vigors and Horsfield, the birds of Australasia were very 
little known at the date we speak of. Accompanied there- 
fore by his devoted wife, Mr. Gould proceeded in 18:8 to 
study Australian birds in their own home, and he personally 


| explored Tasmania, the islands in Bass’s Straits. South Aus- 


tralia, and New South Wales, traveling 400 miles into the 
interior of the latter country. This voyage, especially un- 
dertaken for the purpose of obtaining an exact knowledge 
of Australian birds, must ever be reckoned as a distinct 
scientific achievement, and the accounts of the habits of 
some of the more remarkable species, such as the mound- 
ve Megapodes and the Bower birds. were quite tri- 
umphs in the way of field ornithology. Nests and eggs 
were collected as well as an excellent series of skins, both of 
mammals and birds, and here Mr. Gould’s beautiful method 
of preparation was a noticeable; some of his speci- 
mens, skinned more than thirty years ago, are as neat in 
appearance and as fresh as the day they were prepared. 
Returning in 1840, after two years’ absence, be commenced 
the great work on the “ Birds of Australia,” which makes 
seven folio volumes and occupied seven years in its produc- 
tion, being completed in 1848. One of the features of this 
work is the great increase in our knowledge of the range and 
habits of petrels and other sea birds, to which the author 
paid great attention during his travels. 

Within a year of Mr. Gould’s return from his adventurous 
voyage he had the misfortune to lose his wife, and for some 

| time he was completely overwhelmed by his bereavement. 
| His collectors in Australia, too, about the same period, lost 
| their lives; one of them, Mr. Gilbert, was killed during Dr. 
Leichhardt’s expedition overland from Moreton Bay to Port 
Essington, and Mr. Drummond, while collecting in Western 
Australia, was also murdered by natives, and a third collector 
was killed by the explosion of a gun on one of the islands of 
Bass’s Straits. It speaks volumes, however, for the zeal 
and energy with which Mr. Gould had prosecuted his 
researches In the Australian continent that very few birds, 
sufficient only to form a supplement in asingle folio volume, 
have been discovered since he left the field of his labors in 
that quarter of the globe. 

Another landmark in the career of this great ornithologist 
was his publication of his Monograph of the ‘l'rochilids, or 
Family of Humming Birds.. These lovely little birds had 
been for a long time favorites with Mr. Gould, who gradu- 
ally began to amass that fine collection which has been the 
admiration of naturalists forso many years. Taking advan- 
tage of the Great Exhibition of 1851, he obtained permission 

' from the Zoological Society to erect at bis own cost a large 
building in their gardens in the Regent’s Park, where the 
collection was open to the public ata charge of sixpence 
per head. A considerable sum was realized by this exbibi- 
tion, and a large number of subscribers to his monograph 
was obtained, including nearly all the royal families of Eu- 
rope. Though sketched by Mr. Gould himself (for even to 
the last days of his life he executed the designs for all his 
plates), the majority of the humming birds were placed on 
stone by Mr. Richter, who also did the same for Mr. Gould's 
next work, ‘“‘The Birds of Asia.” We cannot but regard 

‘this as one of the most valuable of all the works done by 
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the author. for, notwithstanding the fact that it is left un- 
finished at his death, it contains a large number of plates of 
species not elsewhere figured, The ‘‘ Mammals of Austra- 
lia,” produced simultaneously with the last-mentioned work, 
deserved, in Mr. Gould’s own opinion, more credit for its 
issue than perhaps any work he had done, because it touched 
upon a branch of zoology of which he never pretended to 
have a very exact knowledge. So large, however, had been 
his collections of mammalia during his sojourn in Australia 
that some account of them seemed to be demanded, and he 
therefore published his large folio work; but the pecuniary 
results were less satisfactory than with any of his ornitholo- 
gical productions. His typical specimens of the Australian 
mammalia are in the national collection. No sooner were 
the humming birds finished than his active brain conceived 
a new idea, to illustrate becomingly the birds of his native 
land, and he commenced the publication of the ‘‘ Birds of 
Great Britain.” Opinions may differ as to the merit of Mr. 
Gould’s other works; volumes less ponderous than the folios 
which he adopted for the better figuring of the objects of 
the natural size may take their place with the student; but 
no work of greater beauty will be protuced than that on 
which Jobn Gould, returning in his later life to his first love, 
bestowed the fullness of his energy and the acme of his ar- 
tistic talent. ‘The care bestowed on the plates of this work 
was remarkable, the aim of the author being to produce a 
picture of the birds as they appeared in their natural baunts, 
and especial pains were bestowed on the young, particularly 
those of the wading-birds and natatores. In this fine work 
most of the drawings were developed and placed on stone 
by Mr. W. Hart, who also executed all the plates of the 
later works 

In 1865 Mr. Gould republished his letterpress of the big 
work in an octavo form. under the title of ‘‘ A Hand-book 
to the Birds of Australia,” but with all the additional spe- 
cies inserted in their proper families; these two volumes are 
therefore of great use to the student. After the completion 
of his work on “ British Birds,’ Mr. Gould devoted himself 
to the continuation of the ** Birds of Asia” and the Supple- 
ment to the ** Birds of Australia,” until in 1875 he commenced 
a work on the *‘ Birds of New Guinea,’ which was to con- 
tain also descriptions of any new species to be discovered in 
Australia or any part of the Australian region. Of the last 
named work eleven parts have appeared, and it was left un 
finished at his death, as well as the following works: A 
‘‘Monograph of the Pittide or Ant-Thrushes of the Old 
World” (one part published), the Supplement to the ‘*‘ Mono- 
graph of the Humming Birds” (two parts published), and 
the © Birds of Asia.” 

The above list enumerates, we believe, nearly all the works 
published by Mr. Gould with the exception of the “ Ieones 
Avium,” issued about 1838, and containing supplementary 
plates to his previous volumes, with descriptions of new 
species, and the ‘‘ Monograph of the Odontophorhine or 
Partridges of America.” In addition to the folio volumes 
he was also in the habit of publishing the introductions to 
his larger works in an octavo form. 

Many of the above details of Mr. Gould's life are taken 
from ‘‘ Men of Eminence,” aided by the personal recollec- 
tions of the writer, who was for many years an intimate 
friend of the deceased, and knew him first as a successful | 
trout-catcher on the Thames, for his prowess in throwing | 
the fly was scarcely sec ond to his skill as an artist. Were he | 
to write an epitaph of John Gould he would do so in the | 
words which Mr. Gould himself was fond of quoting: | 
‘Here lies John Gould, the Bird-Man.”” The latter words 
were used by an old and intimate friend in introducing Mr 
Gould to another relative. We may hope that the Govern- 
ment, according to the well-known wishes of the dece s d 
naturalist, will allow no false motives of economy to inter | 
fere with the purchase of Mr. Gould’s collection of birds for 
the British Museum, and that the disgraceful spectacle of 
his Australian collection (unrivaled to this day, and offered 
to the nation for the small sum of £1,000) being allowed to 
leave the country, may not be repeated.— Nature. 


BEHRING STRAIT.* } 

On the 3d of September we sailed from Chamisso Harbor | 
for Bebring Strait, arriving off East Cape of Asia about 6) 
A.M. on the 5th. Broken ice intervened between us and the 
shore, and the bight southward from the cape was packed 
full of ice. We could not approach nearer to the shore than 
four miles. 

The wind was fresh, but the opportunity seemed tolerably 
favorable, and I concluded to attempt making the hydro- 
thermal section across Behring Strait at once, rather than 
risk the chance of a more favorable opportunity with its 
possible long delays. We therefore proceeded across the 
strait at its narrowest part, taking temperatures at short 
intervals on the surface and soundings with serial five- 
fathom temperatures every four miles, as nearly as we could 
determine at the time 

The shallow depth of water facilitated our work very 
much, as we were able to bring up several gallons of water 
in the bivalve water buckets from any depth in a few 
seconds, and test it with an unprotected thermometer, giving 
us much more accurate results than the Casella thermometers 
are capable of. We found the wind growiog more and more 
severe, and were obliged to reef dewo during the latter part 
of the day, but succeeded in getting our last serial sounding, 
completing the section at a time when we should at any rate 
have had to cease work, so heavy was the sea produced by | 
the wind against the tide. Finally, we were very glad to | 
run for shelter to Port Clarence, which we reached the fol- 
lowing morning quite early. 

The diagramst appended to this report will show the 
details of the work, and [| may say here that the general 
conclusion reached from these, with previous and subse- 
quent observations in the strait, was as follows: The water 
is warmest toward the American side, and cools gradually 
tuward the Asiatic side. The highest temperature is 48° F. 
and the lowest about 36° F. The uniform succession of the 
vertical curves, representing degrees of temperature, %s 
somewhat interfered with by an eddy around the Diomede 
Islets in the middle of the strait, but is otherwise very 
regular. 

The uniformity of the temperatures from top to bottom 
does away with the idea of a sub-surface current from the 
Aretic Ocean, carrying cold water southward, a result I had 
expected, and confirmatory of my suspicions expressed in 
the Appendix to the Coast Pilot of Alaska, and of Onatze- 
vich’s observations on the Kamchatka coast. 

Our current observations showed another conclusion to be 
probable, though a more thorough investigation will be 


* Extract from a recent report to CP. Patterson, Superintendent 
Coast Survey, by W H Dall, asristant in charge of schooner Yukon. 

+ The diagram of hydrothermal ection, ome eurface temperatures 
-nd depth, is the only une that could be engraved in time for issue. 
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required to place it beyond question, namely, that the 
northerly current through the strait and along the Arctic 
Ocean is chiefly dependent on the tide for its force and 
direction, and on the warming of the shallow waters of 
Norton Sound and the ‘‘ Yukon” and vicinity, for its high 
temperature, which is greater than any of the Behring Sea 
water south of St. Lawrence Island. This would agree with 
the observations of explorers along the Siberian coasts and 
elsewhere, where large bodies of comparatively warm water, 
derived from large rivers, are poured out over shallow areas 
of a cold sea basin. 

The direction of the current in the strait, when we were 
lying near the Diomedes, was reversed by the tide, and the 
vessel tailed in opposite directions during flood and ebb 
The rate varied with the strength of the tide, and during our 
stay did not exceed three knots. The directions agreed with 
the trend of the land on either side of Cape Prince of Wales 
(along which the tide runs and would naturally gather its 
greatest velocity) and, asa consequence, diagonally across the 
strait. 

Early in the morning of the 10th of September we arrived 
at the Diomedes, and were most fortunate, notwithstanding 
a very strong breeze was blowing, to be able to wake a lee 
under the end of the Big Diomede, and a landing on the 
snow in a smal) gully, where observations could be taken. 
Had the wind varied half a point from its direetion this 
could not have been done, and weeks might have passed 
without an opportunity. 

These islands are granite domes, rising abruptly from the 
water, and their sides rendered perpendicular by the action 
of the sea. The water is bold, too; there are no beaches, 
The weather bas acted on the surface of the top of the 
islands so as to make a sort of broken table-land, the drain- 
age from which has cut a few gullies in the granite bluffs. By 
digging into the rubvish and massing it below, the natives 
have obtained spaces sufficiently level to hold a few huts, 
There are two villages, one on each island. Fairway Rock, 
at no great distance, is uninhabited and almost inaccessible. 
Near our station was one hut—empty—and by climbing up 
the gully, by steps laboriously excavated in the crumbling 
granite, the natives were able to go over the top of the island 
to the village on the other side. 

Millions of birds affora a large item of subsistence, and 
seal, and later in the season some walrus, are taken by these 
natives, who act as middle men in trading between Asia and , 
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- 
the decomposition of these rocks, and surface washings 
caused only small displacement of the mineral from jtg Ori. 
ginal locality. The rocks are metamorphic, and are mogt) 
gneiss and mica schist. y 

The vein bearing the spodumene crystals runs almost due 
east and west across the bedding, and dips at an angle of 
70°. It is only a few inches wide and two feetin lateral ex. 
tension, being in fact a kind of chimney. There are prob. 
ably other similar veins in the vicinity, but it is only in this 
one that the crystals have yet been found. The wails of this 
contracted vein contain crystals of quartz, mica, rutile, beryl 
and orthoclase. The beryls are very fine, and may yet be 
found sufficiently colored to be valuable as gems, “T he vein 
does not come to the surface, but commences about eight 
feet below it, as a narrow seam of bard kaolin, and in thig 
kaolin lies the spodumene; the vein so far as yet explored 
having undergone alteration. One end of the crystals is 
almost invariably broken; but they are sometimes embedded 
in quartz crystals and are perfect in form; others occur 
attached to the sides of the quartz. The vein has been 
worked to a depth of twenty-three feet, without any mate. 
rial change in its character. j 

Color.—The mineral, which is always transparent, ranges 
in color from colorless (very rare) to @ deep emeiald green - 
sometimes the entire fragment has a uniform grecn color 
but generally it is more intense at one of the extremities, : 

Crystallization. —The crystals are very frequently twins, 
rarely fourlings. They are often terminated at one’ extrem. 
ity, but the planes are dull and curved, so that good meas. 
urements cannot be made. The crystal which is supposed 
to be a fourling has two sharp projecting edges in the ter. 
mination, crossing each other. The largest crystal yer 
found is two and a quarter inches in Jength, but very thin; 
the average size is about half an inch long by three-sixteenths 
in width. 

Professor E. 8. Dana has kindly furnished me with addi- 
tional observations, made on some imperfect crystals, which 
Ladd here. ‘* The crystals occur in slender prismatic forms, 
showing in the prismatic zone the two pinacoid planes; iy 
this zone the crystals are deeply striated, and are flattened 
in the direction of the inclined lateral axis. The terminal 
planes are uniformly rough and uneven, so much so that no 
satisfactory determination of their symbols can be made; they 
often form an edge, as the Continuation of the front prismatic 
edge, and this is rounded over the whole top of the crystal. 
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Soundings in Fathome 


CHART OF BEHRING STRAIT. 


America. A short but satisfactory set, each, of time, lati- 
tude, dip, intensity, and azimuth, was obtained, with angles 
determining the position of the adjacent island and the 
prominent features of the mainland on either side 

One of the most important results of the occupation of this 
station was the determination of the fact that the boundary 
line, as defined by the treaty, does pass between the two 
islands without touching either, as was assumed in that 
document, but which had been put in doubt by certain 
erroneous Charts of the vicinity. 

I may say that the decreasing easterly variation which we 
pointed out in 1873 was extremely marked in the northern sta- 
tions occupied, some of the results showing five or six degrees 
less variation than is indicated on the latest charts. A 
thorough explication of the results must, of course, await 
the final revision of the computations. 


HIDDENITE, AN EMERALD-GREEN VARIETY OF 
SPODUMENE. 
By J. Lawrence Sairna, of Louisville. Ky. 

THE new variety of spodumene described in this paper 
was (discovered about five years since on the farm of Mr. J. 
W. Warren, in Alexander County, North Carolina. Shortly 
after its discovery some crystals came into the hands of Mr. 
Stephenson, of State<ville, the best of which he sent to Mr. 
N. Spang, of Pittsburg. Subsequently he showed others of 
them to Mr. W. E. Hidden, a very enterprising collector of 
the minerals of this region, and from Mr. H. [ obtained all 
the specimens examined, as well as my information in regard 
to their mode of occurrence. The crystals were found very 
sparingly, and loose in the soil, but Mr. Hidden having 
leased the locality and carried on a systematic exploration, 
has discovered the mineral ‘a situ, and obtained many fine 
crystals, 

Up to the time when my attention was called to the mine- 
ral it was considered Diopside, a reasonable conclusion con- 
sidering the imperfect character of the crystals that had 
heen found. A blowpipe test, and a determination of its 
specific gravity showed me that it was not diopside, but a} 
new vuriety of spodumene } 

Mode of Oceurrence.—In the absence of any drift formation | 
in this region, it is evident that all the minerals found here 
detached and loose in the soil—as most of them are—were 
furnished by the rocks beneath. The soil has been formed by 


Some of the crystals are twins with the orthopinacoid as the 
composition face. An interesting feature of the crystals is 
the occurrence of depressions in the prismatic planes, both 
the natural planes and those due to cleavage. These figures 
are shaped something like a sharp wedge; they are inclined 
at a small angle to the front prismatic edge and in ap 
inverted position to that behind. In the twin crystals, how- 
ever, they point upward both in the front and behind, in 
consequence of the inverted position of the other half of the 
crystal. Great numbers of these figures are sometimes seen, 
occasionally very minute and much crowded together. The 
prismatic cleavage is remarkably perfect, yielding surfaces 
of the highest luster.” 

The hardness across the crystal is equal to that of the 
emerald and on the prismatic faces 7. The specific gravity, 
as taken from various good specimens, averaged 3°189. 

Its behavior before the blowpipe is the same as that of 
other forms of spodumene. When heated to redness in the 
flame, but not fused, it loses its color, but on cooling regains 
it—a reaction analogous to that afforded by the emerald. 
I have as yet in vain sought for the cause of the color. I 
have employed all the necessary care in examining for chro- 
mium, but have found no indication of its presence. In an 
examination made for vanadium, the result of an experiment 
with two grammes of green material was lost. This behavior 
in the flame—losing its color and recovering it again on 
cooling—belongs as well to chromium as to vanadium. | 

Composition.—A careful analysis yielded me the following 
results: 


100°40 


The specimen analyzed was of the paler variety. There 
is a trace of potash in the soda. 

It is one of the most beautiful varieties of spodumene I 
have ever seen, and I think its beautiful color entitles it fo 
a distinct name. I therefore propose the name of Hiddenité, 
after the indefatigable mineral explorer who has directed our 
attention to it.—Amer. Jour. of Science. 
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THE BANYAN TREE. 


TRAVELERS tell us that the colcssal wild fig trees are 
among the most grateful presents of nature to hot countries; 
the shade of their magnificent head refreshing the wayfarer 
when he reposes under their incredibly wide-spreading 
branches and dark-green shining foliage. The genus Meus, 
to which these trees belong, is that which most conduces to 
| the peculiarities of a tropical scene. In India, two of the 
species have historical celebrity. Of these, the Banyan-tree, 
so remarkable for its vast rooting branches, is the F¥eus Jn- 
\dica; the Pippul, or sacred fig of the same country, readily 
| known by its rootless branches and heart-shaped leaves with 
long, attenuated points, is Mievs religiosa. 

| ‘The former of these, the Banyan, is not only remarkable 
| for its growth, but also for its longevity. The fruit is red, 
and not much larger than a pea, and the seeds are minute 
and covered with a hard testa which protects them from the 
‘digestive organs of the birds which seek the fig as food. 
The birds plant the seeds by means of their excreta in cre- 
vices of stones or buildings, or on trees, and with the neces- 
sary moisture the seeds germinate in these places, sending 
their roots into and widening the chinks, or down the moist 
bark of the tree on which the seed has been dropped, and 
|the plant grows rapidly into a broad, spreading, although 
not very lofty tree, whose horizontal branches send down 
| roots as slender fibers until they reach the earth, when the 
| growth is reversed and the depending rootlet becomes an as- 
cending trunk, equaling or even surpassing the parent stem. 
| A famous banyan stoed on the banks of the Nerbudda which 
| could shelter 7,000 men, and others cover more than 13 acres, 
| They are frequently found near temples and on the mounds 
| where the Hindoo widows have performed suttee, as the 
| birds are attracted to these places. They are always to be 
met with among ruins in abandoned places, and if man is 
not present to arrest their growth, they speedily complete 
the work of destruction of these monuments of the past. 
| Admiral Paris, in a visit that he paid to the deserted cities 
of Diu and Bassien, India, witnessed many examples of the 
|destructive force exerted by these trees on the buildings 
|there. The accompanying engraving, which we take from 
| La Nature, represents one of these remarkable banyans which 
| the Admiral observed growing within the ruins of a convent 
}at Bassien, to the north of Bombay. In his journal Admiral 
| Paris says of the banyan ; At first weak, and in size a mere 
bud, it introduces itself into the crevices of the wall, follows 
a tortuous course therein, pierces it, and comes out on the 
other side, and produces branches and leaves. Gradually it 
| increases in size, disjoints the stones, which, although they 
flatten it, finally give way. If, on the one hand, it destroys 
| and topples over the walls, on the other it succeeds in inter- 
| lacing portions of them ina network which keeps them to 
| gether better than the best cements. I saw one remarkable 
} example whose branches held in the air a portion of a wall 
| of about 5 feet by 2, and about 1 foot in thickness. Each 
stone was yet in its place; but separated from its neighbor 
by the swelling of the branches, and this mass was supported 
above the ruins of the remainder of the wall. 


DWARF AND MONSTROUS TREES IN CHINA 
AND JAPAN. 


Tue gardeners of the extreme East, notably those of Ja- 
pan, are proverbially skillful, and this fact has been recog- 
nized by all who have traveled among them. While it is 
well known that they are well versed in plant culture, it is 
not so generally known, perhaps, that they possess a know- 
ledge of processes whereby they are able to artificially ren- 
der abortive the growth of plants, causing them to assume 
abnormal forms and thus take on those curious and fantastic 
appearances that are so characteristic of Japanese and Chi- 
nese art. Mr. E. A. Carriére, the editor of the Revue Horti- 
cole, has published on this little-known subject some inte- 
resting notes, which we borrow in part for the present arti- 
cle. The processes in general which are used ivy the Japan- 
ese to restrict certain plants to more or less reduced di- 
mensions are called *‘nanism.” In these processes they cer- 
tainly excel, and they may be said to have made an art of 
them. This art may be divided into two categories, one of 
which consists in so dwarting the plant that its natural habit 
REMARKABLE BANYAN TREE GROWING AMONG THE RUINS OF A is preserved. and the other in ediiving its form during the 
RN dwarfing process. For want of a more precise term we ma 
CONVENT AT BASSIEN, INDIA. | call the methods in general comprehended in the latter pers 
| gory, collectively, ‘‘ Monstrufacture,” since they consist not 
only in dwarfing the plants, but also in giving them, much 
in advance of maturity, the aspect of the old, decrepit, and 
misshapen individuals of the same species which have growr 
in astate of nature. But it may be asked how the Japanese 
arrive at these curious results, Of this, Mr. Carriére endea- 
vors to give some explanatior by the aid of hypotheses. It 
is probable that when the Japanese wish to prevent the 
growth of a plant they select species, and probably varieties, 
which lend themselves readily to the process, and whose na- 
ture allows of their being keptin a dwarfedstate. Then the 
branches of these are variously bent, and kept in position by 
ligatures in order tomake them assume a definite form. It 
may be conjectured, too, that the plants are deprived of 
nourishment, or are given merely enough of it to barely sup- 
port life. This fact explains how it is that we often see 
plants a century or more old which are very small and can 
live in pots of relatively small dimensions. The trunk some- 
times entirely fills these pots, as in the specimen represented 
in the accompanying engraving at No. 4. In addition to 
all this, it must be remembered that the climate of Japan is 
remarkably adapted to a course of treatment so contrary te 
the normal development of the plant; for in hot, arid coun 
tries it is very doubtful whether these trees could endure this 
abnormal culture. 

Of all plants, the conifers appear to be the ones on whick 
the Japanese especially exercise their art, and it is prince 
pally the pines that they submit to the dwarfing and mon 
ster-making operations. The accompanying figures show 
some very remarkable examples of the results obtained ir 
this way. In No. 3 the greatly reduced trunk is pliccd at 
some height in the air, and the roots are, for the greater 

rt of their length, supported on a frame. The plant shown 
p this figure was about fifty years old and was no more 
than twenty-cight inches in height. The plant figured No. 
1 was about thirty-five years old. The young pine, No. 2, 
was a specimen shown at tbe Paris Exhibition of 1878. It 
wus, it appears, about ten years of age. The small tree 
figured No 4 was about one hundred years old. It wa. 
about four feet high, and the pot in which it was contained 
was twenty inches in diameter. The Chinese, likewise, exced 
in this art of dwarfing trees, and do not confine their opere 


JAPANESE TREES DEFORMED BY CULTURE. 


1 Bhyncospermum japonicum, dwarfed and misshapen. 2. Young Pinus densiflora, dwarfed. 2%. The same species | tions to ornamental plants, but extend them to fruit trees as 


mischapen by treatment (14 nat. size). 4. Another specimen of the same species of pine, aged one hundred year’. 
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CULTIVATION OF CAOUTCHOUC TREES IN INDIA. 


In Mr. Markham’s recently published ‘“‘ Peruvian Barks’ 
there is an appendix on the above subject, and from this and 
other sources the following account bas been drawn up by 
Mr. James Collins: 

In January, 1868, a paper appeared in Dr. Seemann’s 
**Journal of Botany,” on ‘‘The Commercial Kinds of 
India-rubber or Caoutchouc,” by Mr. Collins This paper 
was, for the most part, a réswmé of what had been written 
on the subject, and also contained the results of personal 
observations on the preparation and commerce of that article, 
together with an endeavor to fix the botanical sources of the 
various varieties. 

At the instance of Mr. P. Le Neve Foster and the distin- 
guished botanist and traveler, Dr. Seemann, the author of 
this article followed up the subject, and the result of his 
further researches were given in a paper entitled “ India- 
rubber: Its History, Commerce, and Supply,” read before 
the society in December, 1869. The concluding remarks in 
this paper are as follows: 

“There is one subject which I would more especially 
recommend to the attention net only of those present, but 
also submit to the attention of her Majesty’s Government, 
that is, the acclimatization of the different species of Hevea 
and also, incidentally, I would mention the species of 
sonandra, which yield gutta percha) in such of our own 
eastern possessions as will be found best suited.” 

Owing to the prominence thus given, the subject of the 
introduction into and cultivation of caoutchouc trees in 
India was not allowed to drop, and through the representa- 
tions of Mr. Markham, Mr. Collins was commissioned to 

repare a report on the subject for the Secretary of State for 
ndia. This ‘‘ Report on Caoutchouc ” was published in 1872. 
The following passage from it may be quoted here: 

**The cultivation of economic plants, and the acclimation 
in localities where the various conditions, which are so 
many elements of success, are more controllable than in 
their native habitat, has a very important bearing on the 
commerce of a country, and becomes the more necessary for | 
the sustentation and improvement of trade and manufac- 
tures, as the march of civilization and colonization or} 
the recklessness of native collectors reduces the area} 
anid number of spontaneous forest products. It may be | 
taken as an axiom beyond all controversion that we cannot 
long rely on the spontaneous products of the forests, but 
that recourse must be had, sooner or later, to conservation, | 
cultivation, and acclimatization in order to keep up supplies | 
of all necessary vegetable products.” 

The recommendations were that the (1) Heveas, yielding 
Para caoutchouc; (2) the Castilloas, Central American caout- | 
chouc; (8) the Vaheas, Madagascar caoutchouc; (4) the 
Landolphias, African caoutchouc; and (5) the Urceola 
elastica, Borneo caoutchouc, should be introduced into 
India; and that the cultivation of the indigenous Ficus 
elastica should be forthwith attended to. Of the various 
plants mentioned, the relative values of their products were 
taken into consideration, the Heveas and Castilloas being 
spocially mentioned. 

These views were adopted and steps taken to carry them 
into effect. Meanwhile, Mr. Collins sent out full instruc- 
tions to a correspondent on the Amazons, and was fortunate 
enough to obtain seeds of the Hevea braziliensis, and planis 
raised from these seeds at Kew were taken by Dr. King to 
India in 1878. Thus India obtained her first Para caout 
chouc plants. A still larger supply was collected and 
brought home by Mr. Wickham in 1876. 

Still, not only were seeds and plants to be obtained, but, | 
as was pointed out, there were many questions to be cleared 
up. Further information was wanted on the physical and 
ciimatic con¢citions under which the trees best flourished, 
and the best methods of preparing the caoutchouc, etc., and 
for this purpose observations on the spot were absolutely 
necessary. In the selection of a proper person, Mr. Mark- 
ham was so fortunate as to secure the services of Mr. Robert 
Cross, whose previous travels in search of cinchona plants, 
and his knowledge of the country and languages, eminently 
fitted him for the task. 

Mr. Cross left England for Panama Isthmus in May, 1875, 
and first searched for Castilloa plants, yielding the well- 
known Central American caoutchouc. The species which 
he first met with proved to be the Castilloa markhamiana, so 
named by Mr. Collins in honor of Mr. Markham. This 
species grows to a height of 160 to 140 feet, with a diameter 
of about 5 feet, and a full-grown tree yields about 100 Ib. of 
caoutchouc. The wood is soft and spongy, and rapidly 
decays. Some caoutchouc prepared from these trees by Mr. | 
Cross was reported to be superior in quality to that yielded 
by the historic Oastilloa elastica. The range, too, of these 
trees was so wide that in certain districts part of the year is | 
dry. Of the plants collected, 134 flourished at Kew, and of 
these a goodly supply was forwarded to India in 1876. 

Mr. Cross again left England in 1876, this time to procure 
seeds and plants of the Ceara caoutchouc tree, and further 
supplies of the Heveas. In both efforts he was successful, 
resulting in the establishment of 1,000 plants of Hevea 
braziliensis and a goodly number of Ceara plants, all in tine 
condition at Kew. 

The tree yielding Ceara caoutchouc till this time was 
unknown, and to Mr. Cross is due the honor of clearing up 
its origin. In trying to get up young plants he could not 
move them, till digging round the roots he found them fur- 
nished with tubers of the size and shape of kidney potatoes, 
and, from materials brought home, the plant is recognized 
as Manihot glaziovii,a near relative of the tapioca plant. 
——— from Mr. Cross’s report on this ae have 
already been published in this Journal (July 12, 1878), and 
the report is full of practical information of the utmost 
cultural value. 

Mr. Markham sent the bulk of these plants to Ceylon, 
from whence, as he says, they can be distributed to suitable 
spots in India as soon as the government are less lukewarm 
on the subject and fully recognize the importance of the 
scheme In Ceylon the Heveas grow remarkably well, and 
some trees have reached a height of nearly 30 feet, with a 

irth of 14 inches. The Castilloas also do equally as well. 
ater information from Ceylon shows that private planters 
are taking up the question, and Dr. Trimen, the newly- 
appointed director of the Peradeniya Gardens, bas published 
for their use a series of instructive notes ou the cultivation, 
based on the reports of Messrs. Collins and Cross. 

As to Madagascar caoutehouc plants, very little informa- 
tion is to hand. Mr. Markham mentions (Journal of the 
Society of Arts, April, 1876) that seeds of Vahew have been 
sent to India. 

With regard to African varieties, Dr. Kirk has displayed 
much interest, and has procured many plants of the Landol- 

ias. Mr. T. Christy bas procured several plants of 

ja florida and Urostigma vogel, as well as plants | 


| ber of labels is necessary. 
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of an apparently new kind from East Africa, a an 
excellent quality of caoutchouc, and some fine and 
examples of these are now in that gentleman’s nursery. 

Thus of the various introduced kinds it is pointed out 
that the Heveas produced the choicest and best caoutchouc, 
and are well fitted for the moist zones of India. Castilloas 
will grow over the largest area, and new homes can be found 
for them in the Western Ghats. Ceara kind thrives on drier 
—_ and may find a fitting home in the hot, dry plains 
of India. 

In the efforts to introduce these exotics into India, the 
primary recommendation to cultivate and conserve the 
indigenous Ficus elastica, yielding Assam caoutchouc, bas 
not been lost sight of. The first attempts, commenced in 


1878, were comparative failures; but since that date the | 


superintendence has been placed under Mr. Gustav Mann, 
and under his able management the experiment begins now 
to assume some importance, and, roughly speaking, there are 
now 1,000 acres in Assam under this cultivation, and the 
trees are making vigorous and excellent progress. 

One other plant deserves notice—a Burmese one—as likely 
to prove of great utility as a source of caoutchouc. It is 
the Chavannesia esculenta, 
was always looked upon as a pest by the forest department 
of British Burma, and every means taken for its extirpation, 


as it injured the teak trees. Mr. Strettell, one of the officers, | 


however, discovered that it contained caoutchouc, and seems 
to have proved conclusively that it will repay cultivation. 


If this turns out to be the case, it will only be another | 


exemplification of the fact that ‘‘a weed is an unutilized 
plant.” 

Thas, although but yet in its infancy, the subject of the 
acclimatization and conservation of caoutchouc-vielding 
trees has arrived at such a stage that its practicability is 
placed beyond all doubt, and the society may well con- 
gratulate themselves that the warm support accorded to the 
idea when first brought before them has proved an important 
factor in the present state of affairs. Nor must the action 
of Kew be forgotten. The valuable aid and support given 


to Mr. Collins by Sir Joseph Hooker, and the great care he | 


has bestowed on seeds and plants sent to that establishment, 
have been of the utmost practical moment. 

As Mr, Markbam says: “This, if intelligently and con- 
tinuously followed up, will thus insure in the future, as_ the 
demand increases, a regular and large supply of the best 
kinds of caoutcbouc from British India.”—Jour. Society of 
Arts. 


PLANT LABELS. 


Tue Rev. C. Wolley Dod, of Edge Hall, Malpas, writes to 
the Gardener’s Chronicle, as follows: 

‘*On going round the herbaceous garden at Kew, it has 
often occurred to me that the labels are taken up and laid 
together every time a bed is raked, and afterward replaced 
by the laborer from memory, the evident transpositions hav- 
ing seemed difficult to explain in any other way. But after 
the experience of this winter, when nearly all our flat wooden 
labels are not only out of the ground, but appar to have 
been shot out, something in the way in which I have seen 
porcupines at the Zoological Gardens shoot out their loose 
quills, so as to be at a distance from the plant which they 
marked, any amount of demoralization in the naming of 
mixed borders can be easily understood. Hence the subject 
of labels is not unnaturally attracting a good deal of atten- 
tion at present. | 

‘* It may help those of inventive genius who are going to 
compete fer the prize for the best plant label eiewed tay r. 
G. F. Wilson, through the Society of Arts, if hints are sent 
by those who have tried different kinds of labels, so as to 
give the competitors the full benefit of all past experience. 
T assume that in all mixed collections of plants a large num- 
In my garden, which is of mo- 
derate size, I label nothing which can be recognized at all 
times of the year without a label, and yet I have fully 
10,000 labels in constant use. Labels should be (1) cheap, 
(2) durable, (8) indelible, (4) portable, (5) markable with « 
common lead pencil, (6) not liable to be ejected by frost, or 
(7) broken by a kick. 

“Those who have plenty of hazei trees at hand will find 
hazel rods, three-quarters of an inch in diameter, cut into 
lengths of about ten inches, with a horizontal slice cutting 
into four inches from the upper end, and made by a single 
cut of a knife, to take the paint for writing, in many ways 
better and cheaper than the common flat labels. They last 
three times as long, or more, if the lower end is dipped in 
creosote. A common laborer with plenty of material, usin; 
a pair of pruning shears, and a strong, sharp knife, wil 
easily cut 1,0'0 in a day, and they possess qualities 4, 5, 6, 
and 7. 

I have, however, invented and adopted another label— 
clumsy, I admit, and not readily commending itself to 
others, but far more simple in practice than it sounds in de- 
scription. It reminds me of the military regulation order 
explaining the cocking of a musket, or printed directions 
given for learning toswim. What reads and sounds as if 
it were difficult and complicated, becomes in practice the 
simplest thing in the world. Common round bar iron, three- 
eighths of an inch in diameter, is cut obliquely into lengths 
of ten inches, and pierced with an eye one-quarter inch from 
one end, and dipped when redhot into gas tar. For these 
pegs, which weigh about 4 oz., I pay 50s. per thousand, but 
think they might be had for less. Then I have flat wooden 
suspending labels pierced at each end, for which I pay 4s. 
6d. per thousand; through the two eyes, 8 inches of pli- 
ant wire is passed, for fastening the label to the iron pin. 
These are, upon the whole, the most satisfactory labels I 
have yet used. They cost 5s. 6d. per bundred, but the iron 
pin—nine-tenths of the cost—is indestructible. The label is 
easily and quickly renewed, and will last, when suspended, 
for many years. Not one has been ejected from the ground 
this winter, and if kicked over they are not hurt, and easily 
set up again. It is true they are heavy to carry about, but 
I keep a stock of the pins which are weather proof, in vari- 
ous corners, so as to have them handy for all parts of the 
garden. 

‘Then the wired labels are just as portable and as easily 
written on as common flat wooden pegs. My great desidera- 
tum is a white paint which will reject the splashing of mud, 
but retain for ever the writing of a lead pencil. can get 
no paint which is perfectly smooth and not sticky when dry, 
and should be thankful to be told of any. I inclose speci- 
mens of what | have described. 

‘*T may add that a heavy plant label is not altogether with- 
out its advantages, In the year 1842, when I was a boy at 
Eton, one of the many jackdaws which built in the colle 
chapel insisted upon Lola her nest so arranged that she 
could, while sitting, see out of the turret loophole, which 


looked toward Windsor Castle, This could only be done by there 


This plant, of a climbing habit, | 


| tion that it was an aromatic plant unlike the celery. He 


|referred to the growing popularity of celery and its use in 
that delicious dish known as chicken salad. 


! 
| making the foundaticn cn a step of the spiral staircase, ning 


thy | feet below; and a massive nest, nine feet high, accordin 


| was built. I made friends with the college clerk 

| watched the progress of the nest, and recollect that pel. 
the materials, besides there being a box of lucifer mateaet 
garden pegs seemed to be in great request. Three or fou 
ears later, when I was at Cambridge, I recollect the - 

ofessor of Botany exhibiting, at a meeting of the Ray Cjy 
|a newly devised label for use in the Botanic Garden thee 
| It was a very heavy metal one—the weight, he said, being 
found necessary to prevent the jackdaws carrying them u 
for their nests between the rooks of King’s College Chapel” 


— 


THE CULTIVATION OF CELERY. 


| Presment Rosrnson, of Brown University, recently ad 
dressed the Providence, R. I., Society for the Encourage. 
ment of Domestic Industry on the subject of ce 
|raising. The Journal of that city reports the address gs 
follows: 
Dr. Robinson remarked that some fifteen years ago he not 
| only had a ruling taste for gardening, but had indulged that 
taste, and had experimented considerably in the cultivation 
of —s His attention had been called to his experiments 
by the difficulty which he had experienced during the past 
winter, and indeed for ten winters, in getting first-rate cele 
in the market. He had been compelled to pay a large price 
| for a very poor quality. He had been told that celery could 
not be raised hereabouts successfully, but he knew of no 
reason why it could not. Celery wasa wild plant originally 
and was found in the marshy districts of England, and also 
| on the other side of the North Sea near the water in ditches, 
| It was discovered by some one that though in its wild state 
it had an acrid, unpleasant flavor, yet when it was blanched 
it had an agreeable taste, was highly palatable and digestible 
with certain kinds of diet. He did not know how long ago 
| celery was cultivated in England. He doubted that it had 
even grown wild in this country. There was a discussion 
in an agricultural journal, as to whether the delicious flavor 
of canvas-back ducks was not due to their eating wild celery 
| in the New Jersey marshes, but inquiry elicited the informy- 


Tt acts as a 
| quietive on the nerves, but has not a narcotic influence like 
the lettuce. Celery would be more extensively used if it 
could be furnished at a lower figure. He had been paying 


| twenty cents for that which would give the cultivator a good 


profit at six or eight cents. 

In this country the English method of cultivation was 
followed. One of the best treatises on celery was written by 
a Mr. Roessle, known to the traveling public as the pro- 
prietor of the Delavan House in Albany. From the sale of 
celery he accumulated sufficient money to erect the hotel, 
and between the years 1854-70 no better celery was found in 
the world than that served by him. To cultivate celery sow 
the plant in a bed similar to cabbage plants, or any ‘other 
vegetable to be transplanted, and sow it in May. In this 
climate it is impossible to obtain celery in early summer, 
but only in the autumn. The plants should be ready for the 
trenches from the 10th to the 20th or 25th of July. Some 
say that the plant should be transplanted to the surface of 
the soil in order to become more stocky, the tendency to 

ow slender being noticed if they remain in the bed. 

thers say when they have attained the height of six inches, 
they should be put in the trenches some six inches apart. 
The gardeners in New Jersey and New York, in the dwarf 
species, plant on the surface and hill up aboutit. The 
trenches are located near ditches and in moist soil. In our 
climate a trench should be made and no planting on the sur- 
face. The depth of the English trench is twelve inches be- 
low the soil. As to whether the sides should be perpendicu- 
lar or wide, upright sides were necessary in our climate as 
a protection and support to the plant. A trench ten inches 
in depth ought to suffice for ordinary celery. If one has 
plenty of land, the depth can be increased to twelve inches 
and an equal width obtained. It is necessary, if the depth 
is twelve inches, to remove the poor soil and put in three or 
four inches of rich compost. Celery is an exceedingly rich 
feeder, but does not require green manure. It grows rapidly, 
and should be provided with rich food. If the celery is put 
out on the 20th of July it has a month to grow, and if it 
has attained the height of six inches when it is transplanted, 
in the latter part of September it willbave reached a gene- 
rous height. 

In blanching the celery, the English begin at the height 
of six inches and hill it up at frequent intervals for two 
weeks. The chief objections to this method are that the 
leaves spread, the rains wash the soil down on the plant, 
which is fatal to blanching, and the celery is blotched, 
backened, and shriveled. Dr. Robinson did no billing until 
after the stalk bad grown to twelve inches from the surface. 
Then he gave the plant a good solid hilling up to the 
branch, or twelve inches of soil. The soil should be 
carefully prepared, freed from sods, lumps, and gravel, and 
placed compactly about the plant. In hilling, the precau- 
tion should be taken to gather up the stalks separately and 
bring them closely together. He bad used a kind of mat- 
ting found in furniture stores in keeping the plants together. 
By the latter part of September, when the plavt is ready to 
be hilled, it ought to have a good solid stock. If the 
hilling is thus mana the quality will not resemble the 
spindle-shanked kind known as ton celery. He had 
seen celery round, crisp, and easily broken, and as white and 
clear as pearl. After it has been hilled in September, any- 
where from the 20th to the 25th, let it stand three weeks, 
and in October hill it again, so as to just show the tep of 
the plant. Then let it stand another three weeks, and it 
will be blanched and ready for the market. If it were to 
stand three weeks longerits quality would beimproved. Many 
persons had accidentally hit upon a method of blanching 
celery. Take the wild plant, and after it has been placed in 
a dark cellar and covered witb straw in October, in two oF 
three months it will be found to be blanched. He believed 
that two hillings were incomparably better than twelve, and 
it would prevent the washing of the earth upon the plant 
and the production of a spotted and unsalable quality. 

There are two or three ways of keeping celery. If the 
winters were no colder than that two or three years ago, 
a covering of straw would be sufficient, but a winter like the 
past would kill the plant with frost. Some persons favo 
planting it in the cellar and covering it with sand, but he 
was not disposed to place any vegetables in his cellar, a8 it 
endangered the health of the occupants of a house. One 
objection to placing it in a barn cellar was the difficulty of 
reaching it. He suggested the digging of a pit or ‘‘ potato 
cellar” in the north side of a sandy bill soas to secure a com: 
paratively uniform temperature. If the sand were solid, 


would be no necessity of supports, but if 1 was 
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 shey should be employed. Then a roof shouid be 
boards, and vier and there should 
a door. The cellar should be dark, and then a load of 
- manure should be packed against the entrance. Celery 
saced in the cellar ané covered with sand often comes out 
at n, and loses its delicate flavor. The celery can be taken 
tevery diy, and is ready for the market, and is wholly 
a ike the stuff sold in this market. It will be found that 
e Jery put out the first of May is better than when it is 
- in November. Mr. Roessle expended $1.000 in ex- | 
eating on celery, and is decidedly in favor of two hill- 
Ee and has adopted such a plan in cultivation and blanch- 
has been described. 
4s to the soil, Roessle raised celery successfully on an ex- 
clusively sandy soil, and any soil that will hold manure and 
soil around the plant can be used. It can be putin aS 2 | 
second crop, after the harvesting of other vegetables, and it 
will stay uotil the frost comes. It is not difficult to culti- 
vate celery after a man has got his hand in. 
In repiy to several questious, Dr. Robinson said that in 
king the celery it should stand up; should say that soil 
adapted for peas and potatoes was equatly good for | 
celery; think that the roots would be more likely to keep 
moist were the plants set from six to eight inches apart; the 
seed should be sown the same as turnips; there was another 
kind of celery known as celeriac or turnip celery, highly 
prized by the Germans, who use the bulbs for sauce; sea- 
weed would be a good covering, as celery is fond of saline 
soil; only one row was necessary In the trench; prefer one ; 
4. solid, honest stock to the Boston sprout celery, and! 
the flavor is superior; thought that the plants should be 
wn in the shade to insure a vigorous growth. 
A gentleman formerly residing in Lewis county, in north- | 
em New York, where the climate was invariably cold, 
stated that he had raised exceiient celery, and in blanching 
it he put down stakes and covered them with boards, two 
feet apart, filling in carefully with earth. He had tried the 
experiment of leavivg the plants out all winter, with excel 
lent results. The profits were enormous, and he had real 
ized from a patch fifteen feet square the sum of $10, and 
had plenty beside for his family. The celery was covered 
with snow during the winter, und came simultaneously with 
the frost which froze the plants solid. 


VITALITY OF CARBUNCULAR GERMS. 
By M. PasTeur. 


Ara farm near Senlis, cattle which have died of carbun- 
cular fever twelve years ago have been buried at a certain 
spot ina walled garden. Samples of the soil were lixiviated 
and concentrated, and guinea pigs inoculated with the mat- 
ter died quickly with well-marked symptoms of carbuncle. 
Of seven sheep allowed experimentally to pass a few hours 
daily on this spot, two died of the same disease in the course 
of six weeks, while the rest of the flock from which the seven 
had been taken remained healthy. 


NITROGEN. SYMBOL N. COMBINING WEIGHT, 14. 
By T. A. Pootey, B.Sc., F.C.S. 


Tus element, which must next engage our attention, is 
ove which is widely distributed, although not to the same 
extent as the two elements we have already studied. The 
mere fact that nitrogen constitutes four-fifths by volume of 
our atmosphere, makes the study of this element of import- 
ance. It is also a constituent of the nitrates of potassium 
and sodium, large beds of which salts are found in some 
parts of the world; both nitrates and nitrites are frequently 
met with in well waters, and nitrogen aso occurs in coal 
and some minerals, and it is an important constituent in the 
tissues and juices of both plants and animals. The name 
nitrogen signifies niter producer, and was originally given 
on account of the occurrence of this e:ement in niter; but 
French chemists have a far more appropriate name in azote, 
which signifies a depriver of life, and refers to the principal 
property of nitrogen. 

Nitrogen can be easily prepared from atmospheric air, 
Which consists of a mechanical mixture of this element with 
oxygen, by removing the latter by means of some substance 
possessing a strong affinity for it. Any combustible body 
will answer for this purpose, but the choice should be made 
of one that forms a product soluble in water, so that it can 
be easily removed. Phosphorus is by far the most con 
Venient, although great care must be taken in handling so 
inflammable a body; to prepare nitrogen from air, all that 
is required is to burn a little piece of phosphorus placed in 
acup under a bell jar, standing over a basin of water; when 
the phosphorus is lighted it commences to burn, and com- 
bines with the oxygen, eventually removing every trace of 
this element; the product is phosphoric anbydride, which 
rapidly combines with and dissolves in the water, forming 
phosphoric acid. The residual gas, which on cooling will 
be found to occupy only about four-fifths of the original 
space, will be pure nitrogen. There are other methods of 
isolating this element, but their description would be be- 
yond the scope of the present articles. 

Nitrogen is a colorless, tasteless, and inodorous gas; it 

a specific gravity of 0972, being slightly lighter than air | 
or oxygen; it is most inert, and only combines directly with | 
other elements with the greatest difficulty; it will neither | 
bura nor will it support combustion. and therefore a lighted | 
taper plunged into a jar of this gas is immediately extin- 
guished; it is also inimical to animal life, but at the same 
time it is not poisouous, as is seen by the fact that we are 
Continually inhaling it with the air we breathe; an animal 

in an atmosphere of pure nitrogen will soon die, but 
Rot by poisoning, but rather by suffocation, due to the ab- 
sence of the gas oxygen, which is absolutely necessary to 
Sustain life. Although nitrogen will not easily combine with | 
xygen or hydrogen, several compounds formed from these | 


ents are known, the properties of which we shall in due | 
Course refer to, but at the present stage it will be more con 
Yenient to study the properties of the atmosphere. 

atmosphere which surrounds our globe and extends to 
& height of about forty miles is not a chemical compound, 


and at ali altitudes. This has been proved by samples hav- 


ing been drawn from valleys, from the summit of high 
mountains, from above the center of the Atlantic Ocean, all 
of which possessed identically the same composition so far 
as the proportion of oxygen and nitrogen is concerned. 
The combining number of oxygen being 16, and that 
of nitrogen being 14, it wili be seen that these two ele- 
ments are not present in air in these proportions nor in any 
simple multiple of these proportions; this fact alone would 
show that air is not a chemical compound, but it can also be 
proved experimentally in several ways. A very simple 
method is to pass some atmospheric air through water, by 
which a portion is dissolved; on boiling this water the gases 
will again separate and wil] then be found to consist of one 
part of oxygen to two parts of nitrogen. If air were a chemi- 
cal compound the gases ought to have dissolved in the pro- 
portion of twenty-one to seventy-nine, but as oxygen is far 
more solubie in water than nitrogen, we find that the dis- 
solved gas contains a larger proportion of the first-named 
element. The presence of oxygen in the atmosphere is 
proved by the readiness with which certain substances oxi- 
dize when placed in it: thus iron rusts, carbon becomes car- 
bonic acid at a red heat, hydrogen is converted into water, 
phosphorus into phosphoric acid, and the many phenomena 
of combustion all point to the presence of oxygen; but by 
the tests already given in our study of oxygen the presence 
of this element in air can be easily proved. 

In addition to the two main constituents, oxygen and 
nitrogen, air contains certain other constituents which are 
nearly alweys present, but in varying proportions, according 
to the locality and the surrounding circumstances. The 
amount of aqueous vapor varies very much, but air is never 
found absolutely dry; the temperature, the season, and the 
altitude all influence the vroportion of moisture; the higher 
the temperature is the more aqueous vapor wiil air retain, 
and if the temperature-be then lowered the moisture will 
separate in the form of small globuies, In our atmosphere 
these variations of temperature, combined with other influ- 
ences, cause the different meteorological changes resulting in 
rain, deposition of dew, fog, and cloud, which are so fre- 
quent in this country. The amount of moisture in the at- 
mosphere may be approximately determined by an instru- 
ment called the ‘‘ hygrometer,” which consists of two ther- 
mometers placed side by side, the bulb of one being covered 
with a piece of linen always kept saturated with moisture. 
The evaporation of water is always accompanied by a re- 
duction of temperature, and the wet bulb will, therefore, 
always show a iower reading than the dry bulb, the differ- 
ence between the two bulbs varying with the quantity of 
aqueous vapor in the surrounding atmosphere. The hygro- 
meter is a most usefui instrument, and the observations 
made by means of it are of especia: value to tbe maltster, the 
success of whose operations depends to a great extent on a 
proper knowledge of the amount of moisture in the atmo- 
sphere. 

Another important constituent of the atmosphere is car- 
bonic acid, which is always present, but which varies con- 
siderably in amount. In the open country, over the middle 
of the Atlantic, and on high mountains, the quantity of car- 
bonic acid does not exceed two parts in ten thousand parts 
of air; but in large cities, in crowded rooms, and in the 
neighborhood of manufactories, the quantity is sometimes 
as much as twenty parts in ten thousand. Carbonic acid is 
an essential constituent, for it is from this gas that plants de- 
rive their supply of carbon; animals emit carbonic acid and 
plants reabsorb it, and thus the economy of nature is pre- 
served. In the atmosphere of breweries carbonic acid is 
generally abundant, in consequence of the large volume 
which is given off during fermentation. The presence of 
carbonic acid in the atmosphere can be proved by exposing 
a little shailow dish of lime water, which rapidly becomes 
covered with a white film when carbonic acid is present. 

Other constituents of the atmosphere are ammonia and 
nitric acid, which are nearly always present, but often in 
very minute proportions; in some places sulphureted hy- 
drogen can also occasionally be detected, but it is nota 
normal constituent, and is due to accidental circumstances. 

The chemical composition of the atmosphere is a matter 
of some importance to both brewer and maltster, especially 
as regards the quantity of aqueous vapor; but, in addition 
to the gaseous constituents, there are bodies to be met with 
in the atmosphere which work the most disastrous changes 
on such unstable fluids as wort and beer; we allude to the 
minute germs ‘and organisms which the researches of Pas- 
teur have proved always float about in the air. In some 
places these germs are much more plentiful than in others, 


and their effects are then soon visible in the putrefactive | 


changes which ensue. When the idea of Pasteur—of manu- 
facturing beer in an absolutely pure atmosphere—can be 
practically realized, we may be able to obtain a product 
which can be indefinitely preserved, but at the present time 
every vat and cask of beer is a prey to the attacks of these 
myriads of atmospheric germs for which there is no chemi- 
cal test, and whose presence is only discovered by the disas- 
trous effects produced by their agency. 


Compounds of Nitrogen with Oxygen. 


There are several important bodies resulting from the 
combination of these two elements in different propdrtions. 
These compounds cannot be produced by the direct union 
of nitrogen with oxygen, but they have been isolated by in- 
direct methods. The series is composed of five bodies, of 
which the following are the names, symbols, and component 
parts: 


Name. Symbol. 
Monoxide of Nitrogen.... N,O 28 16 
Dioxide of Nitrogen..... NsO, 28 82 
Trioxide of Nitrogen..... NsO; 28 48 
Tetroxide of Nitrogen.... N.O, 28 64 
Pentoxide of Nitrogen .. NO; 28 80 


This series will serve as a text for a few remarks on what 


|is known to chemists as the law of multiple proportions, 


which is to the follewing effect: That when one body com- 
bines with another in several proportions, the higher pro- 
portions are always multiples of the first or lower. 
wiil be seen that twenty-eight parts of nitrogen combine 


| 


THE CHEMISTRY OF BUILDING MATERIALS. 


Tuk science of chemistry cnables us to discover the various 

elementary substances of which compound bodies are formed, 
and to separate those substances cne from the other se as te 
find exactly the reiative proportions of each in any giver 
compound. To do this the chemist must make himself ac- 
quainted with various processes which are constantly going 
on in nature, and the kind of action that takes place when 
two or more different elements are brought into close con- 
tact. 
The separation of a body into its constituent elements is 
called Analysis, and is performed by means of certain 
liquids cailed Reagents, whose action upon other bodies has 
been carefully ascertained by exact experiments, The prin- 
cipal of these reagents are sulphuric, hydrosulphuric, nitric, 
hydrochloric, acetic, and tartaric acids; the alkalies, am- 
inonia, potash, and soda, with some of their salts, as well as 
various salts of the metals. In addition to these there is the 
blowpipe, which often enables the chemist to determine the 
presence of any element by the color it imparts to the flame, 
and also to reduce many of the compounds of metals to the 
pure metallic condition. 

It is rarely that any elementary substance is found in 
nature in a pure or uncombined state, ali the metals, with 
only two or three exceptions, existing in the earth in com- 
bination with other elements, such as oxygen, suipbur, and 
phosphorus. This arises from the affinity, or tendency to 
combine, which all elements possess in a greater or less de- 
gree. Take, for example, the metal calcium, which is the 
chicf compouent of all marbies and l:mestones; this is never 
found ina pure state, but always in combination with oxy- 
gen, forming the material knownas jime; and this compound 
is generally in combination with either carbon, sulphur, 
phosphorus, silicon, or some similar element, forming the 
carbonate, sulphate, phosphate, or silicate of lime. Thus,» 
piece of white marble is nearly pure carbonate of lime, and 
consists of the elements calcium, oxygen, and carbon, al! of 
which are said to be chemical/y combined, their union being 
of such an intimate nature that the distinctive characteristics 
of each have disappeared and become merged in an entirely 
new substance. These elements bave a.so combined to- 
gether in definite proportions well known to the chemist, so 
that the exact weight of each element in the compound can 
be at once predicted as soon as it has been ascertained that 
the substance is carbonate of lime. Thus, pure lime (calcic 


| oxide) always contains forty parts by weight of calcium and 


sixteen parts of oxygen: carbonic acid, twelve parts of car- 
bon and thirty-two of oxygen; these being combined to form 
carbonate of lime, give, as its composition, forty of calcium, 
twelve of carbon, and forty-eight of oxygen. The several 
numbers, forty, sixteen, and twelve, are the chemical equiva- 
lents, or as they are sometimes termed, the atomic weights of 
these three elements, and whenever they are found in com- 
bination with other elements it is always in some multiple of 
these numbers, 

Elementary substances also combine together to form com- 
pounds in a much less intimate d gree than what bas been 
just described, and the proportions in which they combine 
are not definite. This is termed a mechanical combination 
as distinctive from a chemical one. 

A familiar instance of a mechanical mixture exists in at- 
mospheric air, which is composed of three gases capable of 
being readily separated one from the other, and their pro- 

ortions varying according to circumstances and localities. 
Vater, on the other hand, is a chemical mixture of two gases, 
which can only be separated by bringing it in close contact 
with a substance for which one of the gases has a stronger 
affinity than exists between the two which compose the 
water, and these gases always combine in exactly similar 
proportions, so that the oy of either in any given 
weight of water is readily found by calculation. Nearly all 
rocks and minerals are mechanical mixtures of various sub- 
stances in uncertain proportions, the component substances 
themselves consisting of elements chemically united. Thus, 
a piece of dolomite is a mechanical mixture of the carbon- 
ates of lime and magnesia, silica, iron, and ajumina, in vary- 
ing proportions, each of which is a chemical compound of 
two or more elements united in fixed proportions. When, 
therefore, a chemist finds that a mineral is pure carbonate of 
lime or carbonate of magnesia, he can determine at once the 
exact proportions which the several elementary substances 
bear to each other in that mineral without any further 
analyses. When, however, it is a mixture of substances like 
the dolomite, he must separate each from the rest and 
weigh it before he can determine the proportions of the com- 
ponents. 

In the effect of weather upon building materials we have 
instances of both mechanical and chemical action, Driving 
rain or running water wears away stone by friction, and car- 
ries the particles downward bya mechanical force, When 
water freezes inside a stone, a grewt mechanical force is 
exerted which splits it into fragments. When the atmosphere 
or water contains acids, their action upon stone is a chemi- 
cal one, and the particles are dissolved and form a new ccm- 
peund. The same is the case with most of the metals ex- 
posed to weather—a chemical union taking place between the 
metal and the —— or sulphur existing in the air, and a 
coating of a totally different material being formed upon the 
surface of the metal, by which its strength and utility are 
often greatly impaired. 

Change of temperature produces a mechanical action on 
most materiais, metals being expanded in proportion as the 
temperature rises, while woods are generally contracted b: 
heat, on account of the moisture therein being onpennted. 

Having thus briefly noticed the general principles of 
chemical science, let us now examine in detail its bearings 
on the materials in common use for building purposes. 

STONES. 

Under this head we include building stones, limes, mor- 
tars, cements, brick, marble, and all other minerals used in 
construction (except metals and metallic ores). These vary 
considerably in hardness as well as composition. Granite, 
basalt, serpentine, porphyry, and marble are the hardestand 


| most difficult to work, having been subjected to great heat 
Thus ‘t | 


in their formation. The limestones and sandstones form a 
numerous class, usually known under the definite name of 


simply « mechanical mixture, the principal gases being | combinations containing more oxygen, the proportion of | and durability, some of the limestones being too hard to 


oxygen and nitroyen. The following are the proportions by | 
volume and weight of these two constituents: 


By volame. By weight. 


23 
100 100 | 


This Proportion is very uniform in all parts of the worid 


oxygen is found to be a simple multiple of sixteen. 


law of multiple proportions always holds 
Guardian, 


This | work and only fit for burnin 

law holds good through the whole range of chemical com- | enough to be cut with a knife. 
| pounds; in inorganic chemistry the combinations between | mechanical combinations, in greatly varying poyortions, of 
| two elements are usually few in number, and the series we | some or all, of the following chemical subsiancc:—namely: 
| have just given is one of the most extended; but when we | 1, silica; 2, alumina; 3, lime; 4, magnesia; 5, 


into lime, whi'e o' hers are soft 
All these stencs consist of 


olash; 6, 


| come to study organic chemistry weghall find the combina- , manganese; 7, iron; which gererally exist as oxides. carbo- 
| tions between the elements far more Numerous, but still the | nates, or sulphates. ’ 
good.—Brewers’ | stones themselves, it will be necessary to give a brief ox- 


Before entering upon the description 07 


planation of the characteristics of the above-named sub- 


with sixteen parts of oxygen; although there are four other freestones, but they vary greatly in hardness, composition, - 
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stan--es, and the mode in which their presence can be de- |In these rocks we find a combination of several perfectly blowpipe, and has a hardness equal to that of horn! 
tected in any mineral, the specimen being first reduced to distinct minerals, possessing widely different characteristics | All this class of rocks is susceptible of a high degree 
fine pewder. | as regards their composition, hardness, and durability. The | polish.— Review. of 
1. Silica, the oxide of an element called silicon, is often | most important of these minerals are quartz, feldspar, mica | 
found nearly pure in the form of sand, flint, or quartz. It | or tale, and hornblende—two or more of which are er | 


GLYCERINE BAROMETERS. 


is the hardest of all the constituents of the rocks, and can | united together to form the solid mass of granite, but eac ’ 
generally be detected by its property of scratching glass | of which can be distinctly seen and separated from the rest, Four Jordan glycerine barometers are now in use in 
whenever it forms the chief component part of any mineral | of the mass. near London, viz., one at Kew, one in the Museum of Prue 
—such as sandstone. It is also insoluble in the strongest) ‘The mineral quartz, which is found in large uantities in tical Geology, one at South Kensington, and one ia 
acids, so that wheu a stone has been treated with these, and all the older and igneous rocks, is a crystalline Tom of pure Times office. The enormous scale of the barometer e the 
@ portion remains undissolved and of a gritty character, it silica, the crystals being six-sided prisms with pyramidal changes scarcely visible in the mercurial instrament to be 
may be inferred that the residue is pure silica. When | terminations. This is mostly found colorless, butsometimes detected with ease. The correction for temperatures jg 
strongly heated, however, with potash or soda, it combines - a rosy bay arising from oe aay em mye made by the following formula: 

with them and forms a glass, which property enables us to of iron oxide in its composition uartz is the bardest su = ‘ 

detect its presence by means of the wniex Form a bead | stance in the composition of granites, their durability as H=A—[0 000808-+-(t—32 deg.) A). 
of carbonate of soda in a loop of platinum wire by heating building stones depending very much on ihe preponderance | in which h=observed height of column in inches: t= 

it in the flame of a blowpipe—this will be opaque on cool- of this mineral, as it is not affected by any of the ordinary perature in degrees Fahr., H=corrected height at83d 

ing; but if dipped ina little silica and aguin strongly heated, acids, and is only soluble by boiling in strong solutions of Fabr.; and 0°000303=expansion of glycerine for one 

a transparent bead will be formed on cooling, which will caustic alkalies. Its specific gravity is 2°6, water beingtaken Fahr. It is added that the specific gravity of glycerine ig 


consist of silicate of soda and be soluble in water. as unity. It scratches glass very readily, and cannot itself 1°2608 at 60 degrees Fabr. 
2. Alumina, the oxide of the metal aluminum, is rarely | be scratched by the hardest steel. a 
btained in « pure state, but generaliy mixed with other sub- Feldspar is a compound mineral of considerable bardness ae , “rae 


stances in the form of a silicate, as in the various clays. It but varying greatly in the proportions of simple substances 
is found in smal: proportions in most of the freestones, and | which it contains. It crystallizes in the form of a doubly 
nearly pure in the material called emery, and the precious oblique prism. The kind which is usually found in granite | 
stones ruby, sapphire, and corundum. If a stone is treated is potash feldspar, of which the color is white, gray, or red, 
with dilute acid the presence of alumina in the solution can according to the proportion of iron oxide it contains. Its | 
generally be detected by means of ammonia, which precipi- chemical composition is sixty-five per cent. of silica, eighteen " otis . 
tates it as a white gelatinous substance; but if iron is pre- per cent. of alumina, and sixteen per cent. of potash—it | Scientific American Su lement 
sent, as it generally is, the precipitate will have a brownish = therefore, be considered a double silicate of — pp . 
i i cipitate is dried sated j flame of : sh—wi ery yroporti iron oxide : 

tint. If this precipitate is dried and heated in the flame of « | and potash—with a very small proportion of iron oxide an | PUBLISHED WEEKLY. 
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blowpipe on charcoal, a white infusible mass is produced, lime. Another kind called lime feldspar, contains fifty-six 
which, when moistened with nitrate of cobalt, becomes a per cent. of silica, twenty-six per cent of alumina, eleven | 
pale blue color when strongly heated. per cent. of lime, four per cent. of soda, and from one to! 
3. Lime, the oxide of the metal calcium, is found in nearly two per cent. of iron oxide, according as the tint is of alight 
all kinds of stone in combination with some acid, either car- or dark red. Soda feldspar contains about nine per cent. of 
bonic, sulphuric, silicic, fluoric, or phosphoric acid, the first soda, either with or without potash and lime. hose gran- 
two being the most common, and producing the carbonate ites in which the feldspar is seen conspicuously in large and 
of lime, the chief component of chalk, limestone, and mar. distinct crystals embedded in the mass of the stone are called 
ble, and the sulphate of lime, which is the constituent of porphyritic, and are not considered so durable for work ex- 
Derbyshire spar, alabaster, gypsum, and selenite. The posed to weather as those in which the particles are smaller 
presence of lime as a in a mineral and more < 
tected by treating the powdered specimen with dilute hy- appearance when polished—the feldspar, from the nature of | . 
drochloric (or other acid), violent effervescence being readily acted on by weather and dilute of THE likewise 
is produced, and a very soluble salt, chloride of calcium, is acids, especially when it contains a large proportion of soda, Pap <a 2.50, yore cnr are issued yearly. Price of 
the result. If the gas which is evolved is allowed lime, or iron. The specific gravity of feldspar varies from stiff tose $2.50, stite in paper, or $3.50, bound in 
to bubble through lime water, the latter immediately be- 3°5 to 2°38. Under the blowpipe it is fusible into a glass. still covers. 
comes milky, which proves the gas to be carbonic acid. Mica, or Tale, is a soft laminated mineral, which splits 7 
Pure lime can be obtained from the carbonate by heating it into thin transparent plates. It is found scattered in small 
to redness in a fire for some hours; if it is allowed to cool, quantities throughout the granites, to which it gives a glit- 
and then put into water, considerable heat is evolved, and tering appearance. Its color is variable, according to the 
the stone crumbles down into a pasty mass, the greater part proportion of iron which it contains, the tints being white, 
of which is soluble in water. If the solution is left in an brown, gray, black, etc., the black variety containing a small 
open dish exposed to the air, a thin skin of carbonate of proportion of mangancse oxide. The chemical analysis of 
lime is formed on the top, from the affinity which the lime mica gives forty to fifty per cent. of silica, which renders its 
has for the carbonic acid in the atmosphere. edges capable of scratching glass, about eight per cent. of 
When lime exists in a mineral as the sulphate, it will not potash, and sometimes magnesia, with from sixteen to thirty- | 
be acted on by acids, and is insoluble in water, except in a, seven per cent. of alumina. Before the blowpipe mica fuses 
very slight degree. If the sulphate of lime is strongly heated readily into a glass or enamel, its specific gravity varies be- 
it crumbles into a powder called plaster of Paris, and when tween 27 and 3. When the crystals of mica are large and | : : ' shred 
water is added, so as to make it into a paste, it quickly bar- conspicuous in the granite, its durability when exposed to |1- ENGINEERING AND MECHANICS.—A Simple Single Acting 
dens, weather is not to be relied upon Steam Engine. 6 figures.—Single Acting Engine.—Materials cost- 
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A piece of pure lime can be readily detected by the blow- is a brown or black prismatic crystal, of about ing five dollars... .... 
ipe. Ifa small loop, made at the end of a platinum wire, the same hardness of feldspar, and fusible into a glass by the | Goubet’s Sleeve Coupling. 4 figures.—Longitudinal section, plan, 
is moistened in hydrochloric acid, and dipped in powdered It isa mineral, having a specific gravity and 
lime, it will give a red color to the outer flame when heated of 3, and is composed of about forty-tive per cent. of silica. . * 
in the inner flame of the blowpipe, or of a Bunsen’s fourteen per of alumina, a proportion of 
burner. iron oxide, with a little manganese. presence in granite; Pressures. t ratio of volumes, mean prem 
* 4. Magnesia, the oxide of the metal magnesium, is found adds very much to the compactness and toughness of the ure, ete., of comp d air and per it BASES... .-. eee eeeeeee lll 
in minerals in the form of carbonate, sulphate, and silicate, mass of stone, which is then termed Syenite, a material pos- Seamless Tubing. 88 figures.—Cross sections of seamless tubing, 443 
but ciiefly as the carbonate, as in the dolomite of magnesium sessing great hardness and durability. Smith’s Two Ton Anchor. 2 figures............. oceceuensoua 
limestone, of which it forms an important ingredient. If a The specific gravity of granites varies between 2°6 and 5, Mechanical Refrigeration. By J. K. KILBOURN... ..........+-« “a 
piece of this stone is reduced to powder, and treated with and the weight per cubic foot from one hundred and sixty 


dilute sulphuric acid, the carbonate of lime which is present to one hundred and ninety pounds, those which consist of | 1. PHYSICS AND CHEMISTRY.—Physics without Apparatus. 6 fig- 
will be separated as an insoluble suiphate, and the sulphate small compact grains being usually heavier than those in ures.—Adbesion by air pressure-—Paper spiral rotated by ascend- 
of magnesia will be found in the solution. If the solution is which the crystals are large and prominent. Most of them ing air currents.—Napkin ring raised by centrifugal force.—Center 
tiltered off, and treated with solutions of chloride of am- are capable of receiving a high degree of polish, which not | Riniatiiies. ak a ea ¢ Colored 
monium (sal-ammoniac), ammonia, and carbonate of am- only enhances their beauty but also increases their power of | Se oe ee eee ee 
mo iia (smelling salts), the latter being added gradually until resisting the action of the weather. Some granites are very | 
effervescence ceases, a white crystalline precipitate of phos- absorbent, and will take up from two to three gallons of 


Nitrogen. By T. A. POOLEY 


phate of magnesia will be formed on the addition of a solu- water to the cubic yard; such kinds are not, therefore, suit- 
tion of phosphate of soda. able for buildings in exposed situations, from being too open 
5. Potash or potassa, the oxide of the metal potassium, is and porous. Those which absorb the least amount of water 
a component of several rocks and minerals. It is not easy are generally found to be the most durable. 
to detect its presence in a compound without an elaborate| There is much difference in the strength or resistance to | 
process of separating the other constituents. If the solution crushing which granites possess; the close-grained and com | 
in which a precipitate of phosphate of magnesia has been | pact kind being capable of bearing a pressure of five tons on | 
produced (as before mentioned) is filtered, and some of the the square inch, while others of more open and porous tex- | 
clear liquid placed on a glass with a little hydrochloric acid ture will yield to a pressure of three tons on the square inch. | 


The Chemistry of Building Materials 

Glycerine Barometers......... ..........+ 

Simple Holtz Electric Machine, and some Experiments in Static 
Electricity. By Geo. M. Horkins. 32 LUustrations. representing 
the Machine and a variety of simple experiments. (Continued from 


and bichloride of platinum, a yellow granular precipitate is | It is important, therefore, in selecting granite for building “us 
obtained by stirring with a glass rod, if potash is present in purposes to consider the work it will have to perform, for John Gould, F.R.S. Life and labors of a remarkable ornitholo- 
any consi erable quantity. Salts of potassium give a violet where it is only required as a decorative material its strength 
tint to the blowpipe flame if moistened with hydrochloric is of but little importance, its color and markings being the Behring Strait. From Dall’s Coast Survey Report, with Chart of 
acid. chief consideration, many of the most beautiful granites Behring Strait _ 0 
6. Manganese is found in minerals, as the oxide of the being of too open a character to bear much pressure. j 
metal of that name. Its presence may be detected in an | Where, however, heavy permanent loads have to be sup-| enite. Ap emerald-green variety of spodumene. By J. 
acid solution of a mineral by treating it with hydrosulphate | ported the granite must be selected for its hardness and close- LAWRENCE SMITH...........00cceseeesceeescsceenncseseenecnee one Tr oad 
of am nonia, which produces a flesh colored precipitate, pro- | ness of , grain—its color and appearance being only of The Banyan Tree. 1 figure. Remarkable Banyan Tree gro’ 
vided no iron is present. Ammonia or potash throws dow. | secondary importance. among the ruins of a convent at Bassien, India................ «+--+ 4b 
a white precipitate, which becomes brown on exposure to |  Serpeitine is a stone that may be classed among granites, Dwarf and Monstrous Trees in China and Japan. 4 figures. 
air. Salts of manganese imp.rt a violet color to a bead of | from its having been, like them, subjected to fusion. It is Japanese trees dwarfed by culture .-» Mh 
borax, heated on platinum wire in the blowpipe. found in a variety of colors, and is highly valuable for pur- | 
7. Iron is a co nmon ingredient of all stones and minerals, poses of decoration, in place of marble, being capable of | 
to which it imparts many of their varieties of color from a receiving a good polish. Its texture is very variable, and it | Plant LADEIS .........eeeeeseeseeeeeeeesseee ceeenecennennenes see 
‘ight yellowish brown to a dusty red. It is never found in is easily acted on by weather and acids. It is composed of | The Cultivation of Celory...... .......cccccseccsecee cennenereee o bees 
. pure state, but generally as an oxide or sulphide. When thirteen per cent. of silica, forty per cent. of magnesia, with | Vitality of Carbuncular Germs. By M. ? ASTEUR.......-< «++++** Sal 


ihere is a salt of iron in a solution a white precipitate is o)- twelve per cent. of water, and the peroxide of iron with lime 
vained when ammonia or potash is added, the precipitate and alumina in small and varying quantities. This compo-| 
changing to green or brown by exposure to air. If a solu- sition seems to indicate that it is a Dolomite or Magnesian 
tion is neutral or only slightly acid, a drop of the ferro- Limestone, which has undergone complete change of character 
vyanide of po‘assium (yellow prussiate of potash) will give a by the action of a melting heat. It possesses only a mode- 
precipitate of prussian blue. rate degree of hardness, and is not crystalline in its forma- | 

Having coasidered the character of the simple substances tion. Under the blowpipe it is infusible, but gives off water | 
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which enter into the composition of building stones, we now and hardens. The specific gravity of serpentine is largest establishment in the world. Patents 


roceed to examine in detail the several varieties of stone 2°5. It can never be relied upon to sustain any heavy load, 
ound in the earth, with regard to the proportions in which and its use must be confined chiefly to decorative purposes. 
these sub-tance: co nbine to form them, and also the chemi- —‘ The relative hardness of the minerals above described is as | 
cal and other properties which they possess. follows, taking that of the diamond as represented by the 
Building stones may be classed under one or other of five number 10—the hardness of quartz is 7, that of feldspar 6, 
distinct heids, according to their chemical composition and | of mica 1-5 to 2°5, of hornblende 5 to 6, and of serpentine 3. 
other charactcristics—n imely: 1, Granites; 2, Sandstones; 3, There are other igneous rocks closely allied to granite, of 
Lime-tones; 4, Magnesian limestones; 5, Slates. which feidspar forms the chief ingredien:; among these we | 
Granites are stones which have undergone a complete will mention Porphyry and Basalt, each of which is a com- | 
change in their original character from having been reduced pact mass of feldspar, the former having large crystals of | 
by intense heat toa molten condition, in which state they feldspar dispersed through it, and the latter having, mixed | 

have often been forced up through the crevices in overlying up with its substance, erystals of a mineral termed Augite, 
rocks, on the tep of which they have cooled into « solid an which contains fifty-three per cent. of silica, twenty-two per | 
compact mass. Many of the great mountain ranges in cent. of iime, five per cent. of magnesia, and seventeen per | 
parts of the earth consist of some kind vf granite. ' cent. of protoxide of iron. It is a fusible mineral under the | 
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